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GENERAL INTRODUCTION 

GENERAL INTRODUCTION 
1.1. Prevalence and dynamics of cardiovascular diseases 
In the twentieth century cardiovascular diseases as 
ischaemic or coronary heart disease and cerebrovascular 
accidents have become the major health problem in the indus-
trialized world and account for a large proportion of adult 
deaths (Gezondheidsraad, 1984; Jenkins, 1985). Although 
precise pathophysiological processes are not known at pre-
sent, there is substantial evidence suggesting that a com-
plex, interacting mosaic of factors is involved in the 
etiology and pathogenesis of cardiovascular diseases (e.g. 
Eliot, 1979; Folkow, 1982). Currently, research is focussing 
attention upon so-called risk factors, i.e. factors which 
are believed to play significant roles in the etiology of 
cardiovascular diseases. Along with serum cholesterol and 
cigarette smoking, hypertension, or high blood pressure, is 
now recognized as an established risk factor (e.g. Kanne1, 
1974; Kannel & Schatzkin, 1983). About 90% of all cases of 
hypertension are diagnosed as 'primary' or 'essential' hy-
pertension, defined as high blood pressure that is not 
secondary to kidney, endocrine or other physical disorders 
(Berglund, Andersson, & Wilhelmsen, 1976; Byassee, 1977; 
Kaplan, 1980). 
Essential hypertension is one of the most common disor-
ders of the cardiovascular system and affects about 10 - 15% 
of the adult population in industrialized societies (Berg-
lund et al., 1976; Gezondheidsraad, 1983). Although causal 
relations remain elusive, many investigators now agree that 
psychosocial stressors not only can exacerbate preexisting 
hypertension, but that they might also play an important 
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role In the development of essential hypertension. It Is 
hypothesized that prolonged or repeated pronounced cardio-
vascular responding to psychosocial stressors may result In 
permanently elevated blood pressure, at least In susceptible 
subjects (Light, 1985; Matthews, Weiss, Detre, Dembroski, 
Falkner, Manuck, & Williams, 1986; Obrlst, 1981; Schulte & 
von Eiff, 1985; Steptoe, 1981; Weiner, 1979). Moreover, in 
addition to its suspected predictive value with regard to 
the development of hypertension, heightened cardiovascular 
responding to psychosocial stressors is gaining increasing 
credibility as a potent factor in enhancing the risk of 
cardiovascular pathology without leading to sustained hyper-
tension (e.g. Glass, 1977). 
Because of the promising evidence linking psychologically 
induced cardiovascular changes to cardiovascular diseases, a 
number of studies were undertaken in order to contribute to 
a better understanding of the relationship between psycholo-
gical factors and cardiovascular responses. 
1.2. Behavioral control 
A first factor included in the present study is behavio-
ral control. It is generally recognized that having control 
over the environment has great adaptive significance (O'Lea-
ry, 1985; Perlmuter & Monty, 1979; Seligman, 1975; White, 
1959). In stress research, behavioral control Is defined as 
the availability of a response that may directly influence 
or modify the objective characteristics of an eversive sti-
mulus situation (Averill, 1973). So defined, behavioral 
control contains two components, viz., the availability of a 
response in a given situation, on the one hand, and opera-
ting upon the environment, c.q., reducing eversive stimula-
tion, on the other hand. In this study the definition of 
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behavioral control is extended to include that the aversive-
ness of the situation can also be the result of the non-
availability of the required response (cf. Sells, 1970). 
Because precise conceptualization is a prerequisite for 
systematic analysis of the effect of behavioral control on 
physiological indices of stress, an objective terminology 
will be elaborated upon. 
The three main elements that enter into any experimental 
situation are: situation (S), response (R), and outcome (0). 
Degree of control or controllability usually refers to the 
dependency of outcomes on responses (e.g., Nineka & Kihl-
strom, 1978; Seligman, 1975). This could be described in 
terms of combinations of conditional probabilities, p(0/R) 
and piO/R)1. To include the other component in the defini-
tion of behavioral control, viz., the availability of the 
required response, a second set of conditional probabilities 
has to be specified, namely p(R/S), I.e., the probability of 
the required response given the proper occasion, and p(R/S), 
the probability of no appropriate response given the situa-
tion. 
The use of two probability sets, viz., p(0/R) and p(0/R), 
on the one hand, and p(R/S) and p(R/S), on the other hand, 
for describing the concept of behavioral control, parallels 
quite neatly the distinction made by Bandura (1977) between 
'efficacy' and 'outcome' expectations: "An outcome expectan-
cy is defined as a person's estimate that a given behavior 
will lead to certain outcomes. An efficacy expectation is 
the conviction that one can successfully execute the beha-
vior required to produce the outcomes. Outcome and efficacy 
expectations are differentiated because individuals can come 
It has to be noted that the non-occurrence of a positive 
event Is considered to be a negative outcome, while the non-
occurrence of a negative event is a positive outcome (cf. 
Gray, 1971). 
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to the believe that a particular course of action will 
produce certain outcomes, but question whether they can 
perform those actions" (p. 79). 
The proposed terminology may also clarify two different 
notions of the term helplessness, viz., that proposed by 
Seligman (1975) vs. that proposed by Handler (1975). Whereas 
Seligman's 'learned helplessness' pertains to the indepen-
dence of responses and outcomes, i.e., p(0/R) « p(0/R), 
Handler's type of helplessness does imply a dependency be-
tween responses and outcomes, but with the individual not 
having the required behavior available, i.e., p(R/S) < 
p(R/S). 
In the present study behavioral control is manipulated by 
varying level of task difficulty, defined in terms of 'avai-
lability of the required response'. Different levels of 
behavioral control were created by varying the number of 
solvable vs. unsolvable anagrams. While no explicit incen-
tives such as money or shock were made contingent upon task 
performance, both p(PO/R) and p(NO/R) equaled 1, in which PO 
means positive outcome (the subject being informed that he 
succeeded to solve the anagram) and NO means negative out-
come (the subject being informed that he failed to solve the 
anagram). 
A first aim of the present study was to investigate the 
effect of level of behavioral control on cardiovascular 
changes (see Chapter 2). In line with the transactional 
model of stress theory (Cox, 1978; Lazarus, 1978), a second 
purpose concerned the effect of individual differences on 
the relationship between degree of control and cardiovascu-
lar responding. The individual-difference variable included 
in the present study is Type A behavior. 
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1.3. Type A or coronary-prone behavior pattern 
In the 1950s, two American cardiologists, Friedman and 
Rosenman, brought about an important breakthrough in the 
study of the role of psychological factors in cardiovascular 
diseases (Friedman and Rosenman, 1959). Based on their ob­
servations of coronary patients, they described a particular 
constellation of behaviors, which is known as Type A or 
coronary-prone behavior pattern. The conceptual definition 
of Type A behavior often cited is that of Jenkins (1971) : 
"The coronary prone behavior pattern is considered to be the 
overt behavioral syndrome or style of living characterized 
by extremes of competitiveness, striving for achievement, 
aggressiveness (sometimes stringently repressed), haste, 
impatience, restlessness, hyperalertness, explosiveness of 
speech, tenseness of facial musculature, and feelings of 
being under the pressure of time and under the challenge of 
responsibility. Persons having this pattern are often so 
deeply committed to their vocation or profession that other 
aspects of their lives are relatively neglected. Not all 
aspects of this syndrome or pattern need to be present for a 
person to be classified as possessing it. The pattern is 
neither a personality trait nor a standard reaction to a 
challenging situation, but rather the effect of a challen­
ging situation on a characterologically predisposed person. 
Different kinds of situations evoke maximal reaction from 
different persons." (p. 309). People who exhibit a preponde­
rance of these characteristics are classified as Type A, 
while for the converse, Type В behavior pattern, these 
characteristics are relatively absent. 
Despite many inconsistencies (e.g. Dembroski, 1986; Dem-
broski & MacDougall, 1985; Kornitzer, Kittel, Dramaix, & De 
Backer, 1985; Rosenman, 1985), there Is considerable eviden­
ce of an association between Type A behavior and the inci-
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dence of coronary heart disease (Haney & Blumenthal, 1985; 
Krantz, Glass, Schaeffer, & Davia, 1982; Price, 1982; Rosen-
man, 1985). It has been argued (Goldband, Katkin, & Morell, 
1979; Schneiderman & McCabe, 1985), that exaggerated physio­
logical reactivity may serve as a mediating mechanism where­
by Type A behavior enhances the risk of cardiovascular 
pathology. Several psychophysiological studies have indeed 
demonstrated that Type A individuals respond to a variety of 
laboratory stressors with greater cardiovascular increases 
relative to Type В subjects (Contrada, Glass, Krakoff, 
Krantz, Kehoe, Isecke, Collins, & Elting, 1982; DeQuattro, 
Loo, Yamada, & Foti, 1985; Houston, 1986; Matthews, 1982). 
There are, however, also a number of studies that did not 
discern differences between Type A and Type В subjects in 
physiological responsiveness (DeQuattro, et al., 1985; Gold­
stein, Edelberg, Meier, Orzano, & Blaufuss, 1985; Holmes, 
1983; Manuck, Corse, & Winkelman, 1979; Matthews, 1982; 
Steptoe & Ross, 1981). An important reason for this discre­
pancy might be that Type A behavior is not a manifestation 
of a fixed trait but a response style that is engaged in by 
Type A subjects only to appropriately challenging stimulus 
conditions (cf. Jenkins, 1971). Accordingly, the issue ad­
dressed to in the present study is whether Type A individu­
als, compared to Type В subjects, demonstrate exaggerated 
cardiovascular responding irrespective of specific situation 
characteristics or only in appropriately challenging condi­
tions (see Chapter 2). It is supposed that the question 
whether or not all psychological stressors are equivalent in 
eliciting A - В differences in physiological responding, is 
highly relevant for prospective studies on the relationship 
between Type A/B classification and incidence of cardiovas­
cular pathology. 
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1.4. Patterns of cardiovascular functioning 
In addition to magnitude of cardiovascular responding, 
the present study is also concerned with patterns of cardio-
vascular functioning. It is important to examine whether 
individual differences in cardiovascular patterning can be 
reliably demonstrated, because it might be that, in addition 
to level of responding, for different individuals different 
physiological mechanisms are implicated in the pathogenesis 
of cardiovascular diseases (cf. Williams, 1979; 1986). 
A well known domain of experimental psychophysiology, 
challenging the unidimensional, non-specific character of 
cardiovascular activation, is research on the relationship 
between specific task characteristics and response require-
ments, on the one hand, and patterning of physiological 
arousal, on the other hand. In particular, Lacey and asso-
ciates (1963) have demonstrated that both acceleratory and 
deceleratory heart rate responses could be elicited by labo-
ratory stressors, depending on the specific information 
processing required. They found that stimulus conditions 
requiring environmental (sensory) intake, i.e. attention to 
external stimuli, were associated with heart rate decrease, 
while environmental (sensory) rejection, i.e. rejection of 
distracting environmental stimuli during tasks involving 
cognitive elaboration, reliably produced an increase of 
cardiac frequency. Other indices of physiological arousal, 
as skin conductance, did not differentiate the two situa-
tions. The importance of the intake-rejection dimension as a 
determinant of cardiovascular functioning has been confirmed 
in a number of studies (e.g. Williams, Bittker, Buchsbaum, & 
Wynne, 1975). 
The present study was undertaken to determine whether 
patterns of cardiovascular functioning could be established 
as a reliable differentiating characteristic of individuals. 
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Because of the aforementioned sensitivity of cardiovascular 
responses to specific task characteristics along the sensory 
intake-rejection dimension, it was considered to be impor-
tant that the experimental task would not necessitate the 
specific intake or rejection pattern of physiological acti-
vation, because this might conceal effects of differences in 
cardiovascular responding as related to characteristics of 
the individual. Because solving anagrams integrates demands 
for both external attention and internal problem solving 
(cf. Cacioppo & Sandman, 1978; Lacey & Lacey, 1974; Libby, 
Lacey, & Lacey, 1973), this task may be well suited to 
investigate individual differences in cardiovascular func-
tioning. 
Measures used to assess cardiovascular responding were 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP), and heart rate (HR). Individual differences in pat-
terns of cardiovascular functioning were primarily investi-
gated as the difference between SBP and DBP changes, which 
have been described as pulse pressure (PP) increase vs. 
decrease. PP is calculated from the difference in pressure 
(mm Hg) between concomitantly recorded systolic and diasto-
lic blood pressure (e.g. Guyton, 1981). Accordingly, PP 
changes have to be interpreted in relation to SBP and DBP. 
By the fact that In the experiments described in this study 
the experimental task evoked an increase of both SBP and DBP 
in 94.2% of the cases, a PP increase represents a greater 
rise of SBP than DBP, while a PP decrease demonstrates a 
higher DBP than SBP elevation. As such, changes in PP repor-
ted in the present study are a useful measure to investigate 
different patterns of hemodynamic adjustment, i.e. a PP 
increase can be considered to be more reflective of ß-
adrenergic effects on the myocardium, resulting primarily in 
concomitant changes of SBP, while PP decrease may in turn be 
mainly due to a-adrenergically mediated vasoconstriction 
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with a corresponding Increase of resistance In the periphe-
ral vasculature (cf. Morrison, Bellack, & Manuck, 1985)· The 
present study was an attempt to validate PP changes as 
psychologically relevant by Investigating whether differen-
ces In PP change can be reliably demonstrated as related to 
task performance (see Chapter 3 and 4), and test anxiety 
(see Chapter 5). 
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EFFECTS OF BEHAVIORAL CONTROL 
AND TYPE A BEHAVIOR 
ON CARDIOVASCULAR RESPONSES 
ABSTRACT 
The purpose of this study was twofold: (a) to examine the 
relationship between degree of behavioral control and car-
diovascular changes In 60 adult males performing an anagram 
solution task, and (b) to assess the Interaction between 
behavioral control and type of subject (A vs. B). 
Three conditions were used, differing from each other In 
the percentage of solvable anagrams (100, 50, and 30Z). 
Systolic blood pressure (SBP), diastolic blood pressure 
(DBP), and heart rate (HR) were measured before, during, and 
after the anagram task. 
In all conditions, during-task SBP, DBP, and HR were 
significantly elevated above baseline. Blood pressure (BP) 
elevations appeared to be curvilinearly related to degree of 
behavioral control, I.e., more elevated In the 50% than In 
the 100Z and 30Z conditions. HR changes did not differ among 
condìtlons. 
Concerning the Type A behavior pattern, results revealed 
significantly greater BP elevations for Type A than for Type 
В subjects, especially In the 50% condition, thereby con­
firming that the physiological correlates of Type A behavior 
are predominantly evoked In challenging circumstances. 
Findings were discussed In the light of results of car­
diovascular and endocrinological research. Consideration was 
given to the possible role of disengagement In the 30Z 
condition and to differences In the pattern of responding 
between As and Bs. 
Descriptors: Behavioral control, systolic and diastolic 
blood pressure, heart rate, Type A behavior, stress. 
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2.1. Introduction 
In recent years, a great deal of attention has been given 
to the concept of 'control' in describing or explaining 
behavioral and physiological effects of various kinds of 
eversive (stressful) stimulation. For example, the debilita-
ting behavioral effects of 'learned helplessness' have been 
attributed to failure to control one's environment (Abram-
son, Seligman, & Teasdale, 1978; Richter, 1957; Seligman, 
1975). Changes in physiological states have been studied as 
a function of degree of control in the laboratory, in both 
animals (Brady, Porter, Conrad, & Mason, 1958; Weiss, 1971) 
and humans (Contrada et al., 1982; DeGood, 1975; Hokanson, 
DeGood, Forrest, & Britten, 1971; Obrlst, 1976). In field 
research, uncontrollable life events have often been Impli-
cated as important precursors of physiological damage such 
as coronary heart disease (Rahe, Romo, Bennet, & Siltanen, 
1974). 
Theoretical contributions to the control and stress lite-
rature have been reviewed by Averill (1973), Miller (1979), 
and Thompson (1981) . One type of control encountered in each 
of these reviews is called 'behavioral control'. It is 
defined as the availability of a response that may directly 
influence or modify the objective characteristics of an 
eversive stimulus situation (Averill, 1973). This is the 
type of control with which the present study is concerned. 
Despite the widespread belief in the benefits of exerting 
control (Baum & Singer, 1980; Perlmuter & Monty, 1979), the 
results of research in this area are equivocal. For example, 
in the study of Brady et al. (1958), animals that could 
avoid electric shocks eventually developed severe gastro-
intestinal pathology, whereas in the study of Weiss (1971), 
animals that were able to avoid and/or escape shock showed 
less ulceration than 'no-control' animals. In some studies 
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with humans, subjects experienced least autonomic arousal to 
laboratory stressors when they were able to control them 
(DeGood, 1975; Hokanson et al., 1971; Szpller & Epstein, 
1976), whereas, In other studies, hemodynamic reactions were 
most substantial and persistent when subjects were provided 
with the opportunity to avoid shock In a reaction time task 
(Light, 1981; Light & Obrlst, 1980; Obrlst, 1976; Obrlst et 
al., 1978). 
One attempt at reconciling these conflicting findings has 
been undertaken by Manuck, Harvey, Lechlelter, and Neal 
(1978). They found an Interaction between the subjects'per-
ceived control over an averslve stimulus event and the 
difficulty experienced In coping with a cognitive task, 
i.e., the subjects who were led to believe that they could 
control an averslve stimulus exhibited higher SBP elevations 
than the no-control subjects, only when coping was diffi-
cult. The importance of difficulty of control in modulating 
physiological arousal has also been highlighted by Obrist et 
al. (1978) and Light and Obrist (1983). Obrist et al. (1978) 
found cardiovascular responses to be more sustained when the 
task was moderately difficult rather than too easy or too 
hard. These findings were corroborated by Light and Obrist 
(1983) , except that the use of a monetary bonus appeared to 
make the subjects'cardiovascular responses in the easy con-
dition more similar to those in the moderately difficult 
one. 
In these studies, behavioral control Is conceptualized 
both in terms of the presumed or actual dependency of con-
crete outcomes, either averslve or appetitive, on the sub-
ject's performance, and in terms of task difficulty. In the 
present experiment, task difficulty is manipulated by vary-
ing the percentage of solvable anagrams per condition (100%, 
50% and 30%, respectively). This way of manipulating task 
difficulty closely approximates the way Obrist et al. (1978, 
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Exp. 2) and Light and Obrist (1983) manipulated task diffi­
culty by varying the speed criterion of a reaction time 
task. The present experiment differs, however, in the fol­
lowing ways. First, no explicit incentives such as money or 
shock were made contingent upon performance. And second, a 
problem-solving task was used instead of a reaction time 
task. In this way the experiment attempted to provide more 
resemblance to real-life situations (Averill, 1973; Obrist, 
1981). 
The first aim of the present experiment was to investi­
gate the relationship between three levels of behavioral 
control, defined in terms of task difficulty, and cardiovas­
cular changes. A second purpose of the study was to deter­
mine how the Type A behavior pattern is related to cardio­
vascular changes within each of the three experimental con­
ditions. 
The coronary-prone (or Type A) behavior pattern is inclu­
ded as a variable in the present experiment because of its 
association with a coping style of maintaining personal 
control over the environment (Glass, 1977). Moreover, in the 
laboratory experiments. Type A subjects have shown greater 
cardiovascular reactivity relative to Type В subjects (Dem-
broski, MacDougall, Shields, Petitto, & Lushene, 1978; Mac-
Dougall, Dembroski, & Krantz, 1981; Manuck, Craft, & Gold, 
1978) , and it has been argued that enhanced reactivity could 
be an important factor in the etiology of cardiovascular 
pathology (Matthews, 1982). Whether Type A subjects are 
hyperresponsive irrespective of varying situation characte­
ristics (Burnam, Pennebaker, & Glass, 1975; Manuck & Gar­
land, 1979), or only in appropriately challenging conditions 
(Blumenthal, McKee, Haney, & Williams, 1980; Castorf, 1981; 
Goldband, 1980), is also an issue addressed in this study. 
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2.2. Method 
2.2.1. Subjects 
The subjects were 60 male undergraduate volunteers, stu-
dying at the Catholic University of Nijmegen. They received 
a compensation of Dfl 12.00 for their participation. Their 
mean age was 20.1 yrs (SD » 1.5). 
2.2.2. Apparatus 
The apparatus consisted of an automatic noninvasive blood 
pressure recording device (Dinamap; AMR, Model 845), a car-
diotachometer1, a Universal Amplifier (Siemens, Type 854), 
and an oscilloscope (Tektronix, Type 5103N). The Dinamap and 
cardiotachometer were interfaced (see footnote 1) to a MINC-
11 DEC computer, to which a Digital VT-105 terminal was 
connected. The computer was used for controlling the experi-
ment and recording the results. The apparatus was located 
adjacent to the experimental room. 
2.2.2.1. Stimulus material 
The stimulus material consisted of three sets of five-
letter anagrams, each set differing with regard to the 
number of solvable anagrams randomly distributed among un-
solvable anagrams. 'Unsolvable' means not solvable within 
the 5-s time limit allowed per anagram, as determined in 
pilot work. Each anagram was presented to the subject on a 
standard television set, either by the experimenter pressing 
a button whenever the subject had solved the anagram, or 
'Designed and manufactured by the electronics workshop of 
the Department of Psychology at Nijmegen. 
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automatically after 5 s if no solution was given. The total 
numbers of anagrams per condition were 300, 180, and 140. 
The percentages of solvable anagrams were 100, 50, and 30, 
respectively. Conditions were named according to these per-
centages. This differing number of anagrams resulted in 
about the same duration of the anagram task for each condi-
tion (ca. 10-12 min), so that an equal number of BP and HR 
recordings could be obtained. 
2.2.2.2. Measurement of physiological variables 
Measurement of systolic (SBP) and diastolic blood pres-
sure (DBP) were automatically obtained with the Dinamap, 
with the cuff inflated every 2 min. The electrocardiogram 
(ECG) was recorded using three disposable electrodes (Sie-
mens, Arbo, Type H69), two of which were positioned bilate-
rally over the fourth intercostal space, and the ground 
electrode was placed over the left arcus costalis. The ECG 
was amplified and filtered; time constant of the amplifier 
.05 s, and the low pass filter was set at 30 Hz. The filter-
ed signal was then fed into the cardiotachometer to convert 
the successive R-R intervals into a voltage based on trigger 
pulses delivered whenever the input signal exceeded a pread-
justed level. This voltage, proportional to bpm, was led to 
an analog-to-digital converter of the MINC-11 computer and 
recorded every .4s. In order to minimize artefacts, both 
signal and level were simultaneously available on the oscil-
loscope so that for every subject the level could be adjus-
ted to the ECG R-wave. Before the HR data were statistically 
analyzed, hand editing in conjunction with computerized 
detection and recovery of artefacts was accomplished in a 
way that values deviating more than 30 bpm from their prece-
ding value, were replaced by that preceding value. 
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2.2.3. Procedure 
Upon entering the laboratory, the subject was asked to 
fill in his age and to answer the questions of the Dutch 
version of the Jenkins Activity Survey (Appels, Haes, & 
Schuurman, 1979), which was used to assess the Type A beha-
vior pattern. He was then invited to sit in a comfortable, 
straight-backed chair, and was informed that the purpose of 
the experiment concerned the relationship between informa-
tion processing (solving anagrams) and physiological changes 
(blood pressure and heart rate). The ECG electrodes were 
attached to the subject's chest and the cuff was placed on 
the subject's left arm. To allow the subject to become 
accustomed to the blood pressure recording procedure and to 
allow the automatic pumping limits of the machine to adjust 
to the subject's systolic pressure, a first recording was 
made. When no problems were encountered, the subject was 
told that a number of baseline BP and HR recordings should 
be taken for habituation purposes. He was requested to 
remain resting quietly and to keep his eyes open until the 
experimenter reentered the room to explain the anagram task. 
During the habituation period, six (one every 2 min) BP 
recordings were taken, while HR was measured every .4 s. 
Thereafter, the subject was assigned to one of the three 
experimental conditions on the basis of two criteria, viz. 
(a) moment of the day (a.m. or p.m.), to control for diurnal 
BP fluctuations (cf. Millar-Craig, Bishop, & Raftery, 
1978), and (b) mean arterial pressure (MAP), in order to 
obtain equal baselines for the three conditions. The MAP was 
computed by the MINC-11 and shown to the experimenter on the 
VT-105 display at the end of the six BP recordings. For 
computation of the MAP, the formula of Mcintosh, Burnum, 
Hickam, and Warren (1954) was used: MAP » diastolic pres-
sure + one third of pulse pressure. On the basis of pilot 
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work, three levels of MAP readings had been distinguished, 
viz., high (>90 mm Hg) , medium (84 mm Hg < MAP < 90 mm Hg) , 
and low (<84 mm Hg) . 
After reentering the room, the experimenter explained the 
task to the subject about as follows: "In a moment, a series 
of anagrams will be presented on this monitor. Anagrams 
consist of a number of letters randomly ordered in the form 
of a nonsense word. These letters have to be reordered into 
a meaningful word that must take the form of a monosyllabic 
noun (example given). All other outcomes are wrong. The 
anagrams chosen consist of only five letters, in order not 
to make the task too difficult. Each anagram is presented 
for a maximum of 5 seconds, at which time the next anagram 
will automatically appear on the monitor. If you think you 
have the right solution, say the word, then I will give you 
the next anagram by pressing this button. All anagrams are 
solvable; if you wish, we can go over them afterwards . Are 
there any questions? (The experimenter answers possible 
questions.) Shall we start now?" The subject was then invi-
ted to put on earphones in order to minimize distraction. 
During the anagram task, after the first 2 min, five BP 
measurements (one every 2 min) and HR measurements every .4 
s were taken. When the message "This was the last anagram" 
appeared on the monitor, the experimenter asked the subject 
to remain seated quietly for another six BP and continued 
ECG recordings. After the last measurement, the subject was 
allowed to inspect the anagram solutions, if he wanted to. 
Finally, he was debriefed and discharged with the explicit 
re quest not to talk to his fellow students about the 
experiment. 
2Because the anagrams were theoretically solvable, the 
Instruction to solve all anagrams was actually correct. The 
subjects were told that they could request the answers 
afterwards, if they wanted to. This was emphasized prior to 
the task in order to minimize the chances of disengagement. 
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2.3. Results 
2.3.1. Manipulation check 
The mean percentage of anagrams solved was calculated for 
each condition. The resulting values were 93.49 (SD - 2.63) 
for the 100% condition, 51.94 (SD - 6.77) for the 50% condi­
tion, and 29.88 (SD = 8.73) for the 30% condition. One-way 
analysis of variance (ANOVA) performed on the percentages of 
correct solutions revealed a significant difference among 
the three conditions (F(2/57) = 484.97, ρ <.0001). Newman-
Keuls multiple comparisons (at ρ < .05) showed each conditi­
on to differ significantly from the two others. In conclusi­
on, manipulating task difficulty by varying the number of 
solvable vs. unsolvable anagrams was effective for creating 
three levels of behavioral control. 
2.3.2. Data reduction and baseline data 
The HR data of the habituation and after-task periods 
were averaged per 2-min interval, yielding six habituation 
and six after-task values. 
One-way ANOVAs with repeated measures (Winer, 1971), 
performed on each of the six SBF and DBF values of each 
condition, for both the habituation and after-task periods, 
revealed that, for each condition, the last three SBF and 
DBF values of the habituation period, and the last four SBF 
and DBF values of the after-task period, did not differ 
significantly among each other. Mean habituation and after-
task values were computed on the basis of these BP and the 
corresponding HR values. 
One-way ANOVAs performed on mean habituation baseline 
values of SBF, DBF, and HR revealed no significant differen­
ces among experimental conditions with respect to any of the 
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dependent variables. (See Table 1.) 
Table 1 
Mean baseline values for each experimental condition (SDs in 
parentheses) (n - 20 per condition) 
Condition SBP (nm Hg) DBP (mm Hg) HR (bpm) 
lOOt 122.0 (8.4) 64.6 (6.2) 66.1 ( 8.9) 
50Z 121.0 (8.3) 65.1 (9.4) 65.5 (11.5) 
30Z 122.1 (7.0) 65.9 (6.7) 67.9 (12.9) 
2.3.3. Physiological effects of the experimental task 
Comparisons between mean habituation baseline and mean 
during-task values, using two-tailed t tests for paired 
samples, showed that, for every condition, the during-task 
SBP, DBP, and HR values were significantly elevated above 
their respective habituation baseline values (t(19) > 7.00, 
ρ < .001, for SBP and DBP; and t(19) > 2.30, ρ < .03, for 
HR). 
For the purpose of further analyses, change scores for 
SBP, DBP, and HR were computed by subtracting the subject's 
mean habituation baseline score from each of his during-task 
scores. These values were analyzed in 3 * 5 (Condition * 
Periods) repeated measures ANOVAs for each of the three 
dependent measures. 
2.3.3.1. Systolic blood pressure 
The ANOVA for SBP revealed significant main effects for 
conditions (F(2/57) - 4.46, ρ - .016) and periods (F(4/54) -
4.75, ρ • .002), and no interaction. Newman-KeuIs multiple 
comparisons (at ρ < .05) indicated that mean SBP elevation 
in the 50% condition was significantly above that in the 
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100% and 30% conditions. Trend analysis indicated a signifi­
cant linear decline of SBP (see Figure 1) during the experi­
mental task (F(l/57) - 16.58, ρ < .001). 
2.3.3.2. Diastolic blood pressure 
The DBF AN0VA showed a marginal effect for conditions 
(F(2/57) - 2.60, ρ - .083), a nearly significant effect for 
periods (F(4/54) - 2.49, ρ - .053), and no interaction. 
Trend analysis revealed a quadratic trend for DBF (see 
Figure 1) over the duration of the experimental task 
(F(l/57) - 6.53, ρ - .013). 
2.3.3.3. Heart rate 
The ANOVA performed on HR change scores revealed a main 
effect for periods only (F(4/54) = 6.83, ρ < .001). A signi­
ficant linear trend was found (F(l/57) - 27.13, ρ < .001), 
indicating a decline of HR during the task (see Figure 1). 
2.3.4. Habituation/after-task comparisons 
Comparisons between mean habituation baseline and mean 
after-task values, using two-tailed t tests for paired samp­
les, showed that, for every condition, both SBP and DBF 
values had returned to habituation baseline level (tls(19)< 
.72, p's > .48). Regarding HR, after-task mean values were 
significantly below habituation baseline values for each 
condition (t'silQ) > 2.20, p's < .04). 
2.3.5. Intercorrelations between HR, SBP, and DBF 
Correlation coefficients (two-tailed) were obtained be­
tween each of two variables, with the effect of the third 
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Flg. 1. Mean changes from baseline of systolic blood pres­
sure (SBP), diastolic blood pressure (DBP), and heart rate 
(HR) as a function of task difficulty, averaged across 2-rain 
periods of the anagram task. 
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variable eliminated. Significant partial correlations (n » 
60) were found between HR and SBP change scores (r = ·43, ρ 
- .001), and between SBP and DBF change scores (r = .64, p < 
.001). The partial correlation between HR and DBF was not 
significant (r - -.18, ρ - .16). 
2.3.6. Effects of the A/B classification 
The Type A/B behavior pattern was determined by the Dutch 
version of the JAS (see procedure). For each condition, two 
groups were composed, one of subjects scoring half a stan­
dard deviation above the mean of the normalized JAS scores, 
designated as Type A subjects (n - 17), while the other 
consisted of subjects scoring half a standard deviation 
below the mean, designated as Type В subjects (n = 19). This 
procedure was adopted in order to be sure of correct A and В 
designations (Appels et al., 1979). 
2.3.6.1. Baseline data 
Analyses of habituation and after-task data for As and Bs 
separately were similar to those performed on the overall 
data, and yielded similar results, i.e., for each condition, 
the last three SBP and DBF values of the habituation period, 
and the last four SBP and DBF values of the after-task 
period did not differ significantly among each other. Mean 
habituation and after-task values were computed on the basis 
of these BP and the corresponding HR values. A 2 * 3 (Type 
А,В * Conditions) ANOVA, performed on mean SBP, DBF and HR 
habituation baseline values, revealed no significant main or 
interaction effects (see Table 2). 
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Table 2 
Mean baseline values of Type A and Type В subjects for each 
experimental condition (SDs In parentheses) 
Type A 
Condition η SBP (mm Hg) DBF (mm Hg) HR (bpm) 
100Z 
50* 
30Z 
5 
7 
5 
124.9 ( 8.7) 
117.3 ( 6.0) 
122.4 ( 4.4) 
67.3 (7.5) 
61.3 (9.3) 
68.9 (7.5) 
66.2 (12.3) 
63.7 (11.2) 
68.2 (19.5) 
Type В 
Condition η SBP (mm Hg) DBF (em Hg) HR (bpm) 
100Z 
50Z 
30Z 
5 
6 
8 
121, 
123. 
119. 
.7 
.3 
.8 
( 7. 
(11 
( 8 
5) 
.4) 
.3) 
65, 
67. 
63, 
.0 
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2.3.6.2. Task performance 
Comparing mean anagram solution times of As and Bs, per 
condition, using two-tailed t tests, revealed no significant 
differences in task performance. 
2.3.6.3. Physiological effects of the task 
SBP, DBP, and HR change scores were subjected to 2 * 3 * 
5 (Type А,В * Conditions * Periods) repeated measures ANOVAs 
for each of the three dependent measures. With respect to 
SBP, a nearly significant main effect was found for Type A,В 
(F(l/30) - 3.75, ρ - .06), and a significant main effect was 
found for periods (F(4/27) = 2.90, ρ - .04). There were no 
interactions. Trend analysis showed a significant linear 
decline (see Figure 2) of SBP over the duration of the task 
(F(l/30) - 11.49, ρ - .002). The AN0VA for DBP revealed 
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significant main effects for Type А,В (F(l/30) - 14.98, ρ -
.001) and periods (F(4/27) - 3.42, ρ - .022), and an almost 
significant Type А,В * Conditions interaction (F(2/30) -
3.10, ρ » .059). Trend analysis revealed significant linear 
(F(l/30) - 7.26, ρ - .011) and quadratic (F(l/30) - 4.61, ρ 
- .040) trends (see Figure 3). The HR ANOVA showed a main 
effect for periods only (F(4/27) = 4.04, ρ - .011). Trend 
analysis revealed significant linear (F(l/30) я 14.42, ρ < 
.001) and quadratic (F(l/30) » 9.83, ρ • .004) trends (see 
Figure 4). 
The data were further analyzed by applying two-tailed t 
tests to mean BP change scores of Type A and В subjects, per 
condition. Significant differences were found between As and 
Bs with respect to both SBP (t(ll) = 2.98, ρ = .012) and DBP 
elevations (t(ll) = 3.42, ρ = .006), for the 50% condition 
only. 
2.3.6.4. Habltuation/after-task comparisons 
Comparisons between mean habituation baseline and after-
task values, using two-tailed t tests for paired samples, 
for As and Bs separately, within every condition, showed 
that BP and HR values had returned to habituation baseline 
levels, except for Type A subjects in the 50% condition, for 
whom both SBP and DBP after-task values were above their 
respective habituation values (t(6) - 2.24, ρ - .066, for 
SBP; t(6) - 2.70, ρ - .035, for DBP); and except for Type В 
subjects In the 100% condition, whose after-task DBP was 
significantly below habituation baseline (t(4) « 3.76, ρ -
.02). 
2.3.6.5. Intercorrelations between HR, SBP, and DBP 
For Type A subjects (n - 17), no significant partial 
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correlations of HR with SBP (r - .085) or DBP (r - .073) 
were found. A significant partial correlation coefficient 
was obtained between SBP and DBP (r - .67, ρ - .005). For 
Type В subjects (n - 19), the partial correlation between HR 
and SBP proved to be significant (r - .56, ρ - .01), while 
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the partial correlation between HR and DBP was not signifi­
cant (r - -.32, ρ >.20). The partial correlation between 
SBP and DBP was only marginally significant (r - .42, ρ -
.084). 
2.4. Discussion 
The results of this study indicate an inverted-U rela­
tionship between degree of behavioral control and magnitude 
of cardiovascular changes. That is, when control was either 
maximal or minimal, subjects'cardiovascular elevations were 
lower than when control was intermediate. These findings are 
generally consistent with those of Obrist et al. (1978) and 
Light and Obrist (1983). In the experiment of Obrist et al. 
(1978), however, the degrees of HR and SBP changes were 
higher than those in the present experiment. A possible 
explanation for this discrepancy may have to do, firstly, 
with differences in the type of task used. "Tasks that 
combine requirements for attention and for 'mental work' 
(requiring storage, manipulation, and retrieval of symbolic 
information) produce intermediate results on heart rate and 
blood pressure" (Libby, Lacey, & Lacey, 1973, p. 271). This 
description is thought to apply more to the present anagram 
task than to Obrist's reaction time task. Secondly, Obrist 
et al. (1978) used electric shocks and monetary rewards, 
which in themselves may influence cardiovascular reactions 
(Elliot, 1969; Fowles, Fisher, & Tranel, 1982; Manuck & 
Garland, 1979). And thirdly, the fact that these incentives 
were probabilistically related to performance introduces the 
factor of response-outcome unpredictability, which is known 
to augment physiological responding (De Swart & Das-Maal, 
1979; Elliot, 1966; Epstein & Roupenian, 1970). 
In the present experiment - as in that of Obrist et al. 
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(1978) - HR and SBP elevations correlated significantly with 
each other, while no correlation of any importance was found 
between HR and DBP elevations. This is in line with Obrist's 
conclusion that providing a subject with partial control is 
associated with /3-adrenergic influences on the myocardium 
(Obrist, 1981; Obrist et al., 1979). The relevance of these 
findings for the understanding of the etiology of hyperten-
sion has been pointed out by Light (1981), Obrist (1981), 
and Obrist, Langer, Light, and Koepke (1983). 
A remaining issue concerns the interpretation of the 
attenuation of cardiovascular responses in the 30% condition 
of the present study - a finding previously obtained in the 
'impossible' conditions of both the studies of Obrist et al. 
(1978) and Light and Obrist (1983). Responses to a post-
experimental questionnaire used by Light and Obrist (1983) 
had supported the hypothesis of a relationship between de-
gree of attenuation and differential levels of involvement, 
in that the subjects in the impossible condition reported 
giving up more often than the subjects in the other conditi-
ons (see also Singer, 1974). Nonetheless, they found no 
significant differences in reaction time among conditions. 
Also in the present experiment, performance continued to 
improve significantly in the 30% condition - as well as in 
the 100% and 50% conditions - as evidenced when comparing 
mean anagram solution times over the first half of the 
anagrams with those over the second half (two-tailed tls(19) 
>2.3, p's < .03). Although these performance findings make 
the interpretation in terms of reduced effort less obvious, 
the interpretation is in full agreement with the way in 
which achievement motivation theory relates strength of 
motivation to efficiency of performance (Atkinson, 1978). 
Concerning the coronary-prone behavior pattern, no per-
formance differences were found between As and Bs. The 
finding that Type As exceeded Type Bs in BP elevations, 
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especially in the 501 condition, confirms the results of 
previous studies in which Type A subjects exhibited hyper-
responsiveness especially in appropriately challenging con­
ditions (Blumenthal et al., 1980; Gastorf, 1981; Goldband, 
1980). These results are particularly congruent with those 
of Blumenthal et al. (1983), who found differences between 
As and Bs only when no explicit incentives were provided. 
As was the case for norepinephrine in the study of Fried­
man, Byers, Diamant, and Rosenman (1975), Type A subjects in 
the 50% condition did not return to their habituation base­
line for either SBP or DBF. This could be most parsimonious­
ly explained by referring to the inertia of the cardiovascu­
lar system, from which follows that the higher the SBP and 
DBP elevations, the longer it takes to return to the habitu­
ation baseline. However, subjects scoring intermediately on 
the JAS had SBP and DBP elevations that were not significan­
tly lower than those of Type A subjects (two-tailed t(12) -
1.36, ρ - .20, for SBP; and t(12) - .40, ρ - .70, for DBP); 
yet, their BP values did return to habituation baseline 
(two-tailed t(6) = 1.45, ρ - .20, for SBP; t(6) - .24, ρ -
.81, for DBP). This seems to suggest the existence of a 
distinct temporal pattern of responding for Type As, namely 
one that is characterized by slow decreasing, such as has 
been demonstrated more generally with respect to endocrino­
logical responses (see Frankenhaeuser, 1978, 1980). V/hatever 
the explanation, these more prolonged BP elevations of Type 
As may constitute an additional factor modifying the extent 
to which their already greater reactivity may be damaging to 
the cardiovascular system (Eliot & Forker, 1976; Raab, 
1971). 
Other differences in cardiovascular responses between As 
and Bs - pointing in the direction of Type A being a typolo­
gy rather than a continuum (Matthews, 1982) - also emerged. 
The significant positive correlation between HR and SBP 
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elevations, which was found for Type В subjects, was totally 
absent for Type A subjects. In addition, whereas the main 
effect for Type А,В was only nearly significant for SBP, It 
was highly significant for DBF. Combining these findings, It 
Is tempting to assume that besides /3-adrenerglc mechanisms 
(cf. Obrlst, 1981), a-adrenergically mediated vasoconstric­
tion (cf. Manuck & Proietti, 1982; Manuck & Schaefer, 1978) 
might play an Important role, too, In the causation of BP 
elevations In Type A subjects. This would accord with the 
picture of a multlfaceted pathogenesis of cardiovascular 
disorders (Henry & Meehan, 1981; Marx, 1976; Shapiro & 
Goldstein, 1982). In conclusion, then, further experiments 
will be needed to determine whether the elevated disease 
risk In Type A subjects Is related not only to their greater 
and more prolonged cardiovascular reactivity, but also to a 
distinct hemodynamic pattern of As in response to specific 
situations (see also Blumenthal et al., 1983; and Pittner, 
Houston, & Spiridigliozzi, 1983). 
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CARDIOVASCULAR RESPONSES 
AND PROBLEM-SOLVING EFFICIENCY: 
THEIR RELATIONSHIP 
AS A FUNCTION OF TASK DIFFICULTY 
ABSTRACT 
In this study the relationship was examined between car-
diovascular changes and performance efficiency In adult 
males performing an anagram solution task. 
Three conditions (n - 20 In each) were used, differing In 
the percentage of solvable anagrams (100, 50, and 30Z). 
Systolic blood pressure (SBP), diastolic blood pressure 
(DBP), and heart rate (HR) were measured before, during, and 
after the task. 
It was found that subjects who performed better In the 
100Z condition had an Increase In pulse pressure (PP), that 
Is, a greater rise of SBP than of DBP, whereas subjects who 
performed less In that condition showed a decrease In PP. 
Conversely, subjects who performed better in the 50 and 30% 
conditions showed a decrease in PP, whereas subjects who 
performed less In these conditions showed an increase in PP. 
With respect to HR changes, no significant correlations with 
performance were detected. 
Consistencies with data from endocrinological research 
were pointed out. Consideration was also given to the possi-
ble role of anxiety In mediating the relationship between 
physiological patterning and task performance. 
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3.1. Introduction 
The relationship between neuro-endocrinological responses 
and behavioural efficiency has been thoroughly studied by 
Frankenhaeuser and her associates (Frankenhaeuser and An-
dersson, 1974; Frankenhaeuser, Nordheden, Myrsten and Post, 
1971; Frankenhaeuser and Rissler, 1970; Patkai, Frankenhaeu-
ser, Rissler and Bjorkvall, 1967). They consistently found 
that, under conditions involving low to moderate degrees of 
stress, subjects who secreted relatively more adrenaline in 
response to a task, performed better in terms of speed, 
accuracy, and endurance. A similar relationship between se-
cretion of adrenaline and behavioural efficiency has been 
demonstrated by O'Hanlon and Beatty (1976), using a more 
real-life, radar monitoring task. With respect to the rela-
tionship between noradrenaline secretion and problem-solving 
efficiency the data of these experiments were less consis-
tent. 
Results obtained in a study of Frankenhaeuser et al. 
(1971) further indicated that severity of stress might be an 
important factor in determining the nature of the relation-
ship between adrenaline secretion and problem-solving effi-
ciency. Whereas the high-adrenaline group performed better 
in a condition containing a simple vigilance task, the low-
adrenaline group did better in a condition with a complex 
sensorimotor task, although in this case the difference be-
tween groups was not statistically significant. 
Frankenhaeuser and her associates have addressed themsel-
ves mainly to endocrinological changes induced by the sympa-
thetic-adrenomedullary system. Considering the importance of 
the catecholamines in the regulation of the cardiovascular 
system (e.g. Obrist, 1981), the question was posed in this 
study whether a relationship similar to that found between 
adrenaline secretion and behavioural efficiency could be 
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obtained using cardiovascular measures. Because of the sug-
gested importance of severity of stress in determining the 
relationship between problem-solving efficiency and physio-
logical responding, three levels of task difficulty will be 
employed in the present experiment . 
The best known description of the interaction between 
behavioural efficiency and physiological arousal is the Yer-
kes-Dodson law, which states that behavioural efficiency is 
related to arousal in the form of an inverted U-curve, and 
that the optimal level of arousal is a decreasing monotonie 
function of the difficulty of the task (Yerkes and Dodson, 
1908) . Näätänen (1973) , however, questioned the validity and 
usefulness of the level-of-arousal concept and instead em-
phasized the patterning of physiological responses according 
to the requirements of the task. The use of several cardio-
vascular measures as indices of physiological arousal in the 
present experiment, enables to distinguish between patterns 
versus only different levels of arousal. 
An additional objective of the present experiment con-
cerns the recovery of experimentally induced cardiovascular 
changes to pre-stressor levels. Data on recovery from stress 
have shown interindividual differences in the time taken to 
return to baseline levels. A rapid return would be indica-
tive of good adjustment, whereas the inability to recover 
homeostatic equilibrium might result in stress responses to 
accumulate and so enhancing the risk of stress-induced dis-
eases (Christie and Venables, 1973; Johansson and Franken-
haeuser, 1973). 
Part of this experiment, relating cardiovascular mea-
sures to behavioural control and Type A behaviour, has been 
reported elsewhere (van Schijndel, De Mey and Näring, 1984). 
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3.2. Method 
3.2.1. Subjects 
The subjects were 60 male undergraduate volunteers, stu-
dying at the Catholic University of Nijmegen. They received 
a compensation of Dfl 12.00 for their participation. Twenty 
subjects matched for mean arterial pressure (MAP) and time 
of experimental session (a.m. or p.m.) were assigned to each 
of three groups. Their mean age was 20.1 yrs (SD « 1.5). 
3.2.2. Apparatus 
The apparatus consisted of an automatic noninvasive blood 
pressure recording device (Dinamap; AMR, Model 845), a car-
diotachometer2, a Universal Amplifier (Siemens, Type 854), 
and an oscilloscope (Tektronix, Type 5103N). The Dinamap and 
cardiotachometer were interfaced (see footnote 2) to a MINC-
11 DEC computer, to which a Digital VT-105 terminal was 
connected. The apparatus was located adjacent to the experi-
mental room. 
3.2.2.1. Stimulus material 
The stimulus material consisted of three sets of five-
letter anagrams, each set differing with regard to the 
number of solvable anagrams being randomly distributed among 
unsolvable anagrams. 'Unsolvable' meant not solvable within 
the 5-sec time limit allowed to solve an anagram, as had 
been determined in pilot work. Each anagram was presented to 
the subject on a standard television set, either by the 
Designed and manufactured by the electronics workshop of 
the Department of Psychology at Nijmegen. 
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experimenter pressing a button whenever the subject had 
solved an anagram, or automatically after 5 sec If no solu-
tion was given. The total numbers of anagrams per condition 
were 300, 180, and 140. The percentages of solvable anagrams 
were 100, 50, and 30, respectively. Conditions were named 
according to these percentages. These differing numbers of 
anagrams resulted In about the same duration of the anagram 
tasks (ca. 10-12 min), so that equal numbers of BP and HR 
recordings could be obtained per condition. 
3.2.2.2. Measurement of physiological variables 
Values of systolic blood pressure (SBP) and diastolic 
blood pressure (DBF) were obtained by the Dlnamap, with the 
cuff automatically Inflated every 2 min. Pulse pressure (PP) 
was calculated from the difference In pressure (mm Hg) 
between concomitantly recorded systolic and diastolic blood 
pressure. The electrocardiogram (ECG) was recorded using 
three disposable electrodes (Siemens, Arbo, Type H69), two 
of which were positioned bilaterally over the fourth inter-
costal space, and the ground electrode was placed over the 
left arcus costalis. The ECG was amplified and filtered 
(time constant of the amplifier 0.05 sec, low pass filter at 
30 Hz). The filtered signal was fed into the cardiotachome-
ter to convert the successive R-R intervals Into a voltage 
based on trigger pulses delivered whenever the input signal 
exceeded a preadjusted level. This voltage, proportional to 
beats per minute, was led to an analog-to-digltal converter 
of the MINC-11 computer and registered every 0.4 sec. In 
order to minimize artefacts, both signal and level were 
simultaneously available on the oscilloscope so that for 
every subject the level could be adjusted to the ECG R-wave. 
Before the HR data were statistically analyzed, hand editing 
in conjunction with computerized detection and recovery of 
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artefacts was accomplished in a way that values deviating 
more than 30 bpm from their preceding value, were replaced 
by that preceding value. Because of an extremely rare occu-
rence of artefacts, the risk of measurement error was ab-
sent. 
3.2.3. Procedure 
Upon entering the laboratory, the subject was invited to 
sit in a comfortable, straight-backed chair, and was inform-
ed that the purpose of the experiment concerned the rela-
tionship between information processing (solving anagrams) 
and physiological changes (blood pressure and heart rate). 
The ECG electrodes were attached to the subject's chest and 
the cuff was placed on the subject's left arm. A first 
recording was made to allow the subject to become accustomed 
to the blood pressure recording procedure and to allow the 
automatic pumping limits of the machine to adjust to the 
subject's systolic pressure. When no problems were encoun-
tered, the subject was told that a number of baseline BP and 
HR recordings had to be taken for habituation purposes. He 
was requested to remain resting quietly and to keep his eyes 
open until the experimenter reentered the room to explain 
the anagram task. 
During the habituation period, six (one every 2 min) BP 
recordings were taken, while HR was measured every 0.4 sec. 
Thereafter, the subject was assigned to one of the three 
experimental conditions on the basis of two criteria; namely 
(a) time of day (a.m. or p.m.), to control for diurnal BP 
fluctuations (Millar-Craig, Bishop, and Raftery, 1978), and 
(b) mean arterial pressure (MAP), in order to obtain equal 
baselines for the three conditions. The MAP was computed by 
the MINC-11, according to the formula of Mcintosh, Burnum, 
Hickam, and Warren (1954): MAP = diastolic pressure + one 
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third of pulse pressure. The experimenter could read the 
MAP from the VT-105 display at the end of the six BP record-
ings. On the basis of pilot work, three levels of MAP read-
ings had been distinguished, namely, high (>90 mm Hg), 
medium (84 mm Hg < MAP < 90 mm Hg) , and low (<84 mm Hg) . 
After reentering the room, the experimenter explained the 
task to the subject about as follows: "In a moment, a aeries 
of anagrams will be presented on this monitor. Anagrams 
consist of a number of letters randomly ordered in the form 
of a nonsense word. These letters have to be reordered into 
a meaningful word that must take the form of a monosyllabic 
noun (example given). All the other outcomes are wrong. The 
anagrams chosen consist of only five letters, in order not 
to make the task too difficult. Each anagram is presented 
for a maximum of 5 sec whereupon the next anagram will 
automatically appear on the monitor. If you think you have 
the right solution, say the word, then I immediately give 
you the next anagram by pressing this button. All anagrams 
are solvable; if you want, we can go over them afterwards3. 
Are there any questions? (The experimenter answered possible 
questions.) Shall we start now?" The subject was then invi-
ted to put on earphones in order to minimize distraction. 
During the anagram task, after the first 2 min, five BP 
measurements (one every 2 min) and HR measurements (every 
0.4 sec) were taken. When the message "This was the last 
anagram" appeared on the monitor, the experimenter asked the 
subject to remain seated quietly for another six BP recor-
dings and corresponding 0.4-sec HR measurements. After the 
last measurement, the subject was allowed to inspect the 
Because the anagrams were In fact solvable, the instruc-
tion to solve all anagrams was actually correct. The sub-
jects were told that they could request the answers after-
wards, If they wanted to. This was emphasized prior to the 
task In order to minimize the chances of disengagement. 
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anagram solutions, if he wanted so. Finally, he was debrief­
ed and discharged with the explicit request not to talk to 
his fellow students about the experiment. 
3.3. Results 
3.3.1. Manipulation check 
The mean percentage of anagrams solved was calculated for 
each condition. The resulting values were 93.49 (SD - 2.63) 
for the 100% condition, 51.94 (SD - 6.77) for the 50% condi­
tion, and 29.88 (SD - 8.73) for the 30% condition. One-way 
analysis of variance (ANOVA) performed on the percentages of 
correct solutions revealed a significant difference among 
the three conditions (F(2,57) - 484.97, p < 0.0001). Newman-
Reuls multiple comparisons (at ρ < 0.05) showed each condi­
tion to differ significantly from the two others. 
3.3.2. Data reduction and baseline data 
The HR data of the habituation, during-task, and after-
task periods were averaged per 2-min interval, yielding six, 
five, and six values, respectively. 
One-way ANOVAs with repeated measures (Winer, 1971), 
performed on each of the six SBP and DBP values of each 
condition, for both the habituation and after-task periods, 
revealed that, in each condition, the last three SBP and DBP 
values of habituation period, and the last four SBP and DBP 
values of the after-task period, did not differ significant­
ly among each other. Mean habituation and after-task baseli­
ne values were computed on the basis of these BP (three and 
four values, respectively) and their corresponding HR valu­
es . One-way ANOVAs performed on mean habituation baseline 
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values of SBP, DBF, PP, and HR revealed no significant 
differences among experimental conditions. Change scores for 
SBP, DBP, PP, and HR were computed by subtracting the sub­
ject's mean habituation baseline score from each of his five 
during-task scores. 
3.3.3. Correlations between problem-solving efficiency and 
cardiovascular measures 
To examine the relationship between task performance and 
cardiovascular changes, mean SBP, DBP, PP, and HR change 
scores were correlated with subjects'mean anagram solution 
time. Table 1 shows that solution times are significantly 
negatively correlated with PP changes in the 1001 condition, 
and significantly positively correlated in the 50 and 30% 
conditions. A significant negative correlation is also seen 
between task performance and SBP elevation in the 100X 
condition, and between solution time and DBP elevation in 
the 50% condition. 
Table 1 
Pearson correlations between mean solution time and changes 
in systolic blood pressure (SBP), diastolic blood pressure 
(DBP), pulse pressure (PP), and heart rate (HR) (η - 20 per 
condìtion) 
Condition SBP DBP PP HR 
100t -0.61ь 0.03 -0.71e -0.27 
50Z -0.23 -0.60ь 0.56* -0.17 
30Z 0.33 -0.12 0.47* 0.41 
• ρ < 0.05 
ь
р < 0.01 
е
р < 0.001 
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3.3.4. High versus low task performance and cardiovascular 
changes 
For the purpose of further analyses, each group of sub-
jects was divided into two subgroups; subjects scoring below 
the mean solution time of their condition, designated as 
'High Performers', and those scoring above the mean solution 
time, designated as 'Low Performers'. This yielded 8 High 
Performers and 12 Low Performers in each condition (see 
Table 2). A 3 * 2 Task Difficulty (100, 50, and 30%) * Task 
Performance (High vs. Low) ANOVA performed on BP and HR 
baseline values revealed no main or interaction effects for 
any of the dependent variables. 
Change scores for SBP, DBP, PP and HR were analyzed in 3 
* 2 * 5 (Task Difficulty * Task Performance * Periods) 
repeated measures ANOVAs. 
Table 2 
Mean baseline values of systolic blood pressure (SBP), dias-
tolic blood pressure (DBP), pulse pressure (PP), and heart 
rate (HR), for subjects scoring below (High Performers) or 
above (Low Performers) mean anagram solution time (SDs in 
paren theses) 
Condition High Performers Low Performers 
SBP 
DBP 
PP 
HR 
SBP 
DBP 
PP 
HR 
SBP 
DBP 
PP 
HR 
122.42 
65.17 
57.25 
68.34 
119.75 
62.08 
57.67 
65.83 
124.92 
65.08 
59.83 
69.99 
(6.10) 
(4.00) 
(5.00) 
(6.90) 
(7.90) 
(11.9) 
(9.30) 
(14.9) 
(5.20) 
(4.20) 
(5.30) 
(13.8) 
121.69 
64.14 
57.55 
64.63 
121.89 
67.08 
54.81 
65.30 
120.17 
66.36 
53.81 
66.56 
(9.90) 
(7.40) 
(7.50) 
(10.0) 
(8.80) 
(7.20) 
(8.40) 
(9.30) 
(7.60) 
(8.10) 
(6.90) 
(12.8) 
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3.3.4.1. Effects on SBP 
The ANOVA for SBP revealed a significant main effect for 
task difficulty (F(2/54) - 4.69, ρ - 0.013), a significant 
interaction between task difficulty and task performance 
(F(2/54) »4.37, ρ - 0.017), and a significant main effect 
for periods (F(4/51) - 4.81, ρ = 0.002). As can be seen in 
Table 3, mean SBP elevations are greater for High Performers 
than for Low Performers in the 100% condition, whereas the 
reverse is true in the 30% condition. Trend analysis showed 
a significant linear decline of SBP changes (see Fig. 1) for 
the duration of the task (Fl/54) - 17.02, ρ < 0.001). 
3.3.4.2. Effects on DBF 
The ANOVA on DBF elevations revealed a significant main 
effect for task difficulty (F(2/54) - 3.81, ρ - 0.028 and 
for task performance (F(l/54) » 6.12, ρ = 0.017), and no 
effects for periods (see Fig. 2). 
As shown in Table 3, mean DBF elevations were greater for 
High Performers than for Low Performers in every condition. 
Table 3 
Mean changes in systolic (SBP) and diastolic blood pressure 
(DBF) for subjects scoring below (High Performers) or above 
(Low Performers) mean anagram solution time (SDs in paren­
theses) 
Condition High Performers Low Performers 
SBP 
DBP 
SBP 
DBP 
SBP 
DBP 
12.13 (5.30) 
8.31 (3.71) 
13.85 (5.85) 
14.07 (6.36) 
6.73 (6.00) 
9.32 (2.20) 
5.82 
7.81 
12.74 
8.57 
10.48 
7.42 
(3.52) 
(2.73) 
(5.39) 
(4.47) 
(5.71) 
(3.87) 
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Flg. 1. Differences between high and low performers In mean 
changes from baseline of systolic blood pressure (SBP) as a 
function of task difficulty, averaged across 2-mln periods 
of the anagram task. 
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3.3.4.3. Effects on PP 
The ANOVA performed on PP changes revealed a highly 
significant interaction of task difficulty with task perfor­
mance (F(2/54) = 13.03, p < 0.001). There were no effects 
for periods (see Fig. 3). 
As shown in Table 4, High Performers in the 100% condi­
tion had an increase of PP (more systolic than diastolic 
elevation), whereas High Performers in the 50 and 30% condi­
tions had a PP decrease (more diastolic than systolic eleva­
tion) . Conversely, Low Performers in the 100% condition had 
a PP decrease, whereas Low Performers in the 50 and 30% 
conditions had a PP increase. 
Table 4 
Mean changes In pulse pressure for subjects scoring below 
(High Performers) or above (Low Performers) mean anagram 
solution time (SDs In parentheses) 
Condition High Performers Low Performers 
100Z 3.83 (4.97) -1.99 (2.68) 
50Z -0.22 (2.05) 4.18 (4.02) 
30Z -2.58 (4.78) 3.06 (3.90) 
3.3.4.4. Effects on HR 
The ANOVA performed on HR change scores revealed no main 
or interaction effects (see Table 5), but only a significant 
main effect for periods (F(4/51) - 5.95, ρ = 0.001). Trend 
analysis showed a significant decline of HR (see Fig. 4) for 
the duration of the task (F(l/54) = 23.58, ρ < 0.001). 
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Flg. 3. Differences between high and low performers In mean 
changes from baseline of pulse pressure (PP) as a function 
of task difficulty, averaged across 2-mln periods of the 
anagram task. 
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Table S 
Mean changes In heart rate for subjects scoring below (High 
Performers) or above (Low Performers) the mean anagram solu­
tion time (SDs In parentheses) 
Conditlon High Performers Low Performers 
100Z 
50Z 
30Z 
4 . 7 8 ( 3 . 4 2 ) 
4 . 6 6 ( 2 . 6 0 ) 
0 . 9 1 ( 6 . 9 9 ) 
4 . 3 3 ( 2 . 7 6 ) 
3 . 4 9 ( 4 . 1 8 ) 
5 . 0 7 ( 5 . 9 5 ) 
6 
4 
- a ^ - ^ ^ ^ ^ 1001 
~ ~ ^ - = ^ : 
β 
ж 
< 
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υ 
4 
501 
< 
VI 
Ζ 
F l g . 4 . D i f f e r e n c e s between h i g h and low p e r f o r m e r s In mean 
c h a n g e s from b a s e l i n e of h e a r t r a t e (HR) a s a f u n c t i o n of 
t a s k d i f f i c u l t y , a v e r a g e d a c r o s s 2-mln p e r i o d s of the a n a ­
gram t a s k . 
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3.3.5. Habituation/after-task comparisons 
Comparisons beween mean habituation and after-task va­
lues, using two-tailed t tests for paired samples, were 
carried out for both High and Low Performers in each condi­
tion. It was found that after-task BP and HR values were 
equal to or below habituation baseline levels, except for 
High Performers in the 100% condition, whose PP after-task 
values were above habituation baseline (t(7) - -2.44, ρ • 
0.045). 
3.4. Discussion 
The main finding emerging from the present experiment is 
that of a significant interaction effect of problem-solving 
efficiency with task difficulty on BP changes: In the 100% 
condition, subjects who performed relatively better showed 
higher SBP than DBP elevations, that is, an increase in 
pulse pressure (PP), whereas subjects who performed worse 
showed lower SBP than DBP elevations, that is, a PP decrea­
se. In the more difficult 50 and 30% conditions, the reverse 
picture emerged: Relatively high performers showed a PP 
decrease, whereas low performers showed a PP increase. These 
results closely parallel those obtained by Frankenhaeuser et 
al. (1971), who found a reversal of the relationship between 
performance efficiency and adrenaline excretion: Subjects 
excreting relatively more adrenaline performed better in a 
simple vigilance task, whereas subjects with relatively 
lower adrenaline excretion rates tended to perform better in 
a complex sensorimotor task. 
The specific effect of adrenaline on the cardiovascular 
system depends on the type of receptor the target organ 
possesses. Ahlquist (1976a,b) distinguished between Oí- and 
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/3-adrenergic receptors. The a-adrenergic effect of circula-
ting adrenaline on the vasculature varies among the vascular 
beds and is both vasodilatory and vasoconstrictory, resul-
ting in little change of total peripheral resistance (Innes 
and Nickerson, 1975). The /3-adrenergic effect of adrenaline 
on the myocardium consists of an increase in contractility, 
resulting in an elevation of SBP (Obrist, 1981). It is 
assumed that this adrenaline-mediated ^-adrenergic myocar-
dial effect on systolic blood pressure constitutes the phy-
siological mechanism which links the cardiovascular results 
of the present study to the endocrinological results of 
Frankenhaeuser's. 
With regard to the physiological patterning mentioned by 
Näätänen, the results of this experiment seem to dovetail 
quite neatly with this point of view: Besides a significant 
interaction effect between task difficulty and task perfor-
mance on SBP, there was a significant main effect of task 
performance on DBF, indicating that High Performers showed 
greater DBF increases than Low Performers, in every condi-
tion. In the 100% condition, the greater DBP increases of 
the High Performers might be explained by their also greater 
SBP elevations, which - given an unchanged or even decreased 
peripheral resistance - could have increased DBF. In the 50 
and 30% conditions, however, SBP increases were lower than 
DBP increases, so that the higher DBF elevations of the High 
Performers have to be explained otherwise. It is assumed 
that, in this case, the rise of DBP was due to a-adrenergi-
cally mediated vasoconstriction, linked to an increase in 
noradrenaline (Obrist, 1981). The results thus underscore 
the existence of two hemodynamic reaction patterns instead 
of only different levels of arousal; a PP increase, going 
together with higher performance in the 100% condition and 
lower performance in the 50 and 30% conditions and a PP 
decrease accompanied by lower performance in the 100% condi-
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tion and higher performance in the 50 and 30% conditions. 
In the study of Williams, Bittker, Buchsbaum and Wynne 
(1975), and Bittker, Buchsbaum, Williams and Wynne (1975), 
task performance appeared to be uncorrelated with cardiovas-
cular measures. The discrepancy between their results and 
those of the present experiment may have to do with various 
methodological differences between the two experiments. One 
important difference, however, might concern the level of 
task difficulty. In our experiment, the reversal of the sign 
of the correlations between task performance and PP changes, 
from the 100% to the 50% condition, suggests that, with an 
intermediate level of difficulty, no relationship would have 
been obtained between cardiovascular responses and task 
performance4. Such a level of task difficulty might have 
been used in the study of Williams and Bittker. 
Habituation/after-task comparisons did not reveal impor-
tant differences between High and Low Performers in recovery 
to pre-stressor levels. 
Various theories and hypotheses unanimously predict that 
a high level of anxiety would facilitate performance on 
simple tasks, whereas it would impair performance on more 
complex tasks. Conversely, a low level of anxiety would 
yield relatively poor performance on easy, and better per-
formance on difficult tasks (e.g. Atkinson and Birch, 1978; 
Easterbrook, 1959; Spence, Taylor and Ketchel, 1956). Inter-
preting the present findings with the aid of these theories, 
the High Performers in the 100% condition and the Low Per-
formers in the 50 and 30% conditions - having higher SBP 
than DBF increases - would have been high test-anxious sub-
jects, whereas the Low Performers in the 100% condition and 
''Preliminary data of a 7 01 condition appear to support 
the hypothesis that In a task being neither easy nor diffi-
cult, cardiovascular responses and task performance are 
uncorrela ted. 
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the High Performers In the 50 and 30% conditions - having 
higher DBP than SBP Increases - would have been low test-
anxlous subjects. This Interpretation agrees with results of 
studies demonstrating physiological differentiation between 
anxiety and anger (e.g. Ax, 1953; Funkenstein, King and 
Drolette, 1954). 
A remaining issue concerns the possibility that success 
or failure experienced at the beginning of the task - in-
stead of the difficulty of the task as a whole - might 
explain the results, since it has been demonstrated that 
initial success or failure may have a predominant influence 
on subsequent task performance (e.g. Feather, 1966; Feather 
and Seville, 1967). 
Both the above speculations are now subjected to experi-
mental investigation. 
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ABSTRACT 
Previously It has been demonstrated that performing well 
In an easy task and relatively poor In a difficult one la 
associated with a mean pulse pressure (PP) Increase, while 
performing poor in an easy task and relatively well In a 
difficult one Is related to a mean PP decrease. The present 
experiment was designed to assess the Influence of the 
Initial level of task difficulty on this relationship be-
tween cardiovascular changes and task performance. Results 
showed that the Initial level of task difficulty was not 
decisive In determining this relationship. 
The Initial level of task difficulty did, however, have 
an effect on the course of systolic blood pressure (SBP) 
change during the anagram solution task. Initial failure 
with subsequent success In solving anagrams led to an In-
crease of SBP elevations during the main task for those who 
performed well, In contrast to those who performed relative-
ly poor. For the latter Initial Increases showed a decline 
over time, as Is usually encountered. 
Initial success with subsequent failure led to a more 
rapid dlmlnuatlon of Initial SBP Increases as compared with 
a constant level of failure experiences. This was true for 
both performance groups. 
Consideration was given to the possible role of response 
specificity and level of test anxiety In mediating the 
relationship between cardiovascular responding and task 
performance. The relevance of the current data for the 
possibility to test these hypotheses was also discussed. 
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4.1. Introduction 
In a previous study (van Schljndel, De Mey, & Närlng, 
1985) evidence has been reported for the existence of a 
specific relationship between distinct patterns of cardio-
vascular functioning and task performance: Subjects who 
performed well In an easy anagram task (100% condition) and 
those who performed relatively poor In more difficult 50% 
and 30% anagram tasks showed a pulse pressure (PP) Increase, 
I.e. more systolic blood pressure (SBP) than diastolic blood 
pressure (DBF) elevation, whereas subjects who performed 
relatively poor In the 100% task and those who performed 
well In the 50% and 30% task, showed a PP decrease, I.e., 
more DBP than SBP elevation. These results indicate that the 
difficulty level of the task is an important factor in 
determining the relationship between task performance and 
cardiovascular changes. 
The present investigation was aimed at a further explora-
tion of this relationship. Its main objective was to deter-
mine whether this relationship between cardiovascular chan-
ges and task performance was perhaps not so much determined 
by the difficulty level of the task as a whole, but rather 
by the initial level of task difficulty. This question is 
related to what is known as 'primacy effect', i.e., the 
predominant influence of initial experiences of success or 
failure on subsequent task performance. 
In recent years, a good deal of attention has been devo-
ted to the consequences which initial failure can have on 
subsequent task performance. Many experiments have demon-
strated that exposure to initial failure experiences may 
lead to subsequent impairment in task performance, as compa-
red with initial success or neutral experiences (Abramson, 
Garber, & Seligman, 1980; Garber, Miller, & Seaman, 1979). 
To account for this proactive interference effect of initial 
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failure with subsequent task performance, Sellgman, Maler, 
and Solomon (1971) formulated the learned helplessness hypo-
thesis. Empirical evidence for the learned helplessness 
hypothesis was originally derived from experiments with 
infrahuman subjects. Early attempts at extending these fin-
dings to humans were on the whole successful (e.g. Hlroto, 
1974; Hlroto & Sellgman, 1975; Thornton & Jacobs, 1971). 
However, as research with human subjects progressed, evinced 
Inadequacies of the original hypothesis not only led to a 
revision of the learned helplessness model in humans (e.g. 
Roth, 1980), but also to several alternative explanations, 
which indicate that impaired performance following exposure 
to initial failure is a much more ubiquitous phenomenon 
(e.g. Buchwald, Coyne, & Cole, 1978; Douglas & Anisman, 
1975; Frankel & Snyder, 1978; Handler, 1975; McReynolds, 
1980; Peterson, 1978). 
Despite the substantial amount of evidence supporting the 
position that prior experiences with unsolvable problems 
result in impairment of subsequent task performance, some 
researchers have found something quite the opposite of 
'helpless' behavior following initial failure: Subjects who 
had failed initially, subsequently performed better relative 
to subjects without such 'pretreatment' (Roth & Bootzin, 
1974; Roth & Kubal, 1975; Tennen & Eller, 1977; Thornton & 
Jacobs, 1972). To reconcile these discrepant findings, it is 
suggested that, among other things, the extent of exposure 
to failure experiences may be an important factor in deter-
mining whether initial failure experiences will facilitate 
or rather debilitate subsequent task performance. In this 
context, Wortman and Brehm (1975) have proposed an integra-
tion of the learned helplessness hypothesis with reactance 
theory. Briefly, Wortman and Brehm's model predicts that a 
limited number of failure experiences will result in reac-
tance, i.e., heightened effort to reassert control, associa-
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ted with facilitation of performance, whereas more extensive 
failure experiences will lead to helplessness and debilita-
tion of performance. 
With respect to the effect of Initial success experien-
ces, the learned helplessness hypothesis generates the pre-
diction that prior success experiences are able to mitigate 
the effects of subsequent failure (Sellgman et al., 1971). 
This Initial success procedure has been dubbed Immunization. 
Several animal studies have. Indeed, demonstrated that Ini-
tial success experiences are able to Immunize subjects a-
galnst the disruptive effects of failure experiences on 
adaptive responding (Sellgman & Maler, 1967; Sellgman, Ro-
selllnl, & Kozak, 1975)· Research with human subjects has 
also demonstrated that Initial success Is able to prevent or 
lessen debilitation of responding due to failure experiences 
(Douglas & Anlsman, 1975; Dyck & Breen, 1978). Taken toge-
ther, the aforementioned studies clearly demonstrate that 
both Initial success and failure may have a profound Influ-
ence on subsequent behavior. In this vein, the main purpose 
of the present experiment Is to assess the effect of Initial 
success or failure on the relationship between cardiovascu-
lar responses and problem-solving efficiency. More specifi-
cally, It Is Intended to Investigate whether Initial expe-
riences of success or failure are able to modify the rela-
tionship between blood pressure changes and task perfor-
mance. If so, It Is to be expected that, on the one hand, 
the concomitance of PP Increase with good performance and PP 
decrease with relatively poor performance In an easy task 
will be Influenced by prior failure, while, on the other 
hand, the covarlance of PP decrease with good performance 
and PP Increase with relatively bad performance in a diffi-
cult task will be affected by initial success experiences. 
An additional objective of the present experiment con-
cerns the effect of initial success or failure on the reco-
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very of experimentally Induced cardiovascular changes to 
pre-stressor levels. Data on recovery from stress have shown 
InterIndividual differences In the time taken to return to 
baseline levels: A rapid return would be Indicative of good 
adjustment, whereas the Inability to recover homeostatlc 
equilibrium might result in stress responses to accumulate 
and so enhancing the risk of stress-induced diseases (Chris-
tie & Venables, 1973; Johansson & Frankenhaeuser, 1973; 
Knardahl & Ursin, 1985; van Schijndel, De Ney, & Nàring, 
1984) . 
4.2. Method 
4.2.1. Overview 
In the present experiment success and failure were mani-
pulated by varying the percentages of solvable and unsolva-
ble anagrams, which were randomly distributed among each 
other. 'Unsolvable' meant not solvable within the 5-s time 
limit allowed to solve an anagram, as had been determined in 
pilot work. The percentages of solvable anagrams were 100%, 
50%, and 30%, respectively. To induce initial failure, the 
100% condition started with a number of anagrams of which 
only 50% was solvable1. To provide initial success in the 
50% and 30% conditions, the first anagrams of the 50% and 
30% conditions were all solvable. The operation to induce 
initial success or failure can be characterized as a schedu-
li is important to note that success at a rate suffi-
ciently lower as expected also constitutes failure (Douglas 
& Anlsman, 1975; Ford, 1963; Gray, 1975). The homogeneity of 
the relationship between cardiovascular changes and task 
performance in a 50Z and 30Z condition, as opposed to that 
in a 100Z condition, is considered to represent evidence 
consistent with this position (van Schijndel et al., 1985). 
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le-shlft manipulation (cf. McReynolds, 1980): Initial fail-
ure with subsequent success represents an ascending schedule 
of reinforcement, while initial success with subsequent 
failure is a descending schedule of reinforcement. The con-
ditions were named accordingly. The 100% condition with 
Initial 50% failure was named the 100% ascending condition. 
The 50% and 30% conditions with initial 100% success were 
labeled 50% descending and 30% descending condition, respec-
tively. To assess the effect of initial failure on the 
relationship between cardiovascular responses and problem-
solving efficiency in an easy task, the 100% ascending 
condition will be compared with the 100% constant condition 
described previously (van Schijndel et al., 1985). To exa-
mine the effect of initial success on the cardiovascular-
task performance relationship in a difficult task, the 50% 
and 30% descending conditions will be compared with the 50% 
and 30% constant conditions, described in the same previous 
study. 
4.2.2. Subjects 
The subjects were 60 male undergraduate volunteers, stu-
dying at the Catholic University of Nijmegen. They received 
a compensation of Dfl. 12.00 for their participation. Twenty 
subjects matched for mean arterial pressure (MAP) and time 
of experimental session (a.m. or p.m.) were assigned to each 
of three groups. Their mean age was 20.3 yrs (SD » 1.8). 
Another 60 male undergraduate volunteers served as control 
subjects (see overview). 
4.2.3. Apparatus 
The apparatus consisted of an automatic noninvasive blood 
pressure recording device (Dinamap; AMR, Model 845), a car-
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dlotachometer2, a Universal Amplifier (Siemens, Type 854), 
and an oscilloscope (Tektronix, Type 5103N). The Dlnamap and 
cardlotachometer were Interfaced (see Footnote 2) to a MINC-
11 DEC computer, to which a Digital VT-105 terminal was 
connected. The apparatus was located adjacent to the experi-
mental room. 
4.2.3.1. Stimulus material 
The stimulus material consisted of sets of five-letter 
anagrams, each set differing with regard to the order and 
number of solvable and unsolvable anagrams. Each anagram was 
presented to the subject on a standard television set, 
either by the experimenter pressing a button whenever the 
subject had solved an anagram, or automatically after 5 s If 
no solution was given. The number of anagrams used whlthln 
each condition had been chosen so that the Initial phase of 
the task, aimed at Inducing Initial success or failure, 
should last for about 1.5 min and the task as a whole for 
ca. 10 - 12 min. In the 100% constant and 100% ascending 
conditions, the first 44 and 24 anagrams were 100% and 50% 
solvable, respectively. In both conditions, the remaining 
256 anagrams were all solvable. In the 50% and 30% descen-
ding conditions the first 44 anagrams were all solvable, 
while In the 50% and 30% constant conditions the first 24 
and 19 anagrams were 50% and 30% solvable, respectively. In 
the 50% constant and 50% descending conditions the remaining 
156 anagrams were 50% solvable, while In the 30% constant 
and 30% descending conditions the remaining 121 anagrams 
were 30% solvable. These differing numbers of anagrams made 
it possible to obtain an equal number of BP and HR recor-
Designed and manufactured by the electronics workshop of 
the Department of Psychology at Nijmegen. 
83 
dings per condition. The length of the initial phase of the 
task was set at about 1.5 min because BP and HR recordings 
were started 2 min after task onset. 
4.2.3.2. Measurement of physiological variables 
Values of systolic blood pressure (SBP) and diastolic 
blood pressure (DBF) were obtained by the Dinamap, with the 
cuff automatically inflated every 2 min. Pulse pressure (PP) 
was calculated from the difference in pressure (mm Hg) 
between concomitantly recorded systolic and diastolic blood 
pressure. The electrocardiogram (ECG) was recorded using 
three disposable electrodes (Siemens, Arbo, Type H69), two 
of which were positioned bilaterally over the fourth inter-
costal space, and the ground electrode was placed over the 
left arcus costalis. The ECG was amplified and filtered 
(time constant of the amplifier .05 s, low pass filter at 30 
Hz). The filtered signal was fed into the cardiotachometer 
to convert the successive R-R intervals into a voltage based 
on trigger pulses delivered whenever the input signal ex-
ceeded a preadjusted level. This voltage, proportional to 
beats per minute, was led to an analog-to-digital converter 
of the MINC-11 computer and registered every .4s. In order 
to minimize artefacts, both signal and level were simultane-
ously available on the oscilloscope so that for every sub-
ject the level could be adjusted to the ECG R-wave. Before 
the HR data were statistically analyzed, hand editing in 
conjunction with computerized detection and recovery of 
artefacts was accomplished in a way that values deviating 
more than 30 bpm from their preceding value, were replaced 
by that preceding value. Because of an extremely rare occu-
rence of artefacts, the risk of measurement error was ab-
sent. 
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4.2.4. Procedure 
Upon entering the laboratory, the subject was invited to 
sit in a comfortable, straight-backed chair, and was inform-
ed that the purpose of the experiment concerned the rela-
tionship between information processing (solving anagrams) 
and physiological changes (blood pressure and heart rate). 
The ECG electrodes were attached to the subject's chest and 
the cuff was placed on the subject's left arm. A first 
recording was made to allow the subject to become accustomed 
to the blood pressure recording procedure and to allow the 
automatic pumping limits of the machine to adjust to the 
subject's systolic pressure. When no problems were encoun-
tered, the subject was told that a number of baseline BP and 
HR recordings had to be taken for habituation purposes. He 
was requested to remain resting quietly and to keep his eyes 
open until the experimenter reentered the room to explain 
the anagram task. 
During the habituation period, six (one every 2 min) BP 
recordings were taken, while HR was measured every .4 s. As 
previously (van Schijndel et al., 1985), subjects were sub-
sequently assigned to one of the experimental conditions on 
the basis of two criteria, namely (a) time of day (a.m. or 
p.m.), to control for diurnal BP fluctuations (Millar-Craig, 
Bishop, & Raftery, 1978), and (b) mean arterial pressure 
(MAP), in order to obtain equal baselines for the experimen-
tal conditions. The MAP was computed by the MINC-11, accor-
ding to the formula of Mcintosh, Burnum, Hickam, and Warren 
(1954): MAP ·» diastolic pressure + one third of pulse 
pressure. The experimenter could read the MAP from the VT-
105 display at the end of the six BP recordings. On the 
basis of pilot work, three levels of MAP readings had been 
distinguished, namely, high (^90 mm Hg) , medium (84 mm Hg< 
MAP < 90 mm Hg) , and low (<84 mm Hg) . 
85 
After reentering the room, the experimenter explained the 
task to the subject about as follows: "In a moment, a series 
of anagrams will be presented on this monitor. Anagrams 
consist of a number of letters randomly ordered In the form 
of a nonsense word. These letters have to be reordered Into 
a meaningful word that must take the form of a monosyllabic 
noun (example given). All the other outcomes are wrong. The 
anagrams chosen consist of only five letters, In order not 
to make the task too difficult. Each anagram Is presented 
for a maximum of 5 s whereupon the next anagram will 
automatically appear on the monitor. If you think you have 
the right solution, say the word, then I Immediately give 
you the next anagram by pressing this button. All anagrams 
are solvable; If you want, we can go over them afterwards3. 
Are there any questions? (The experimenter answered possible 
questions.) Shall we start now?" The subject was then Invi­
ted to put on earphones in order to minimize distraction. 
During the anagram task, after the first 2 min, five BP 
measurements (one every 2 min) and HR measurements (every .4 
β) were taken. When the message "This was the last anagram" 
appeared on the monitor, the experimenter asked the subject 
to remain seated quietly for another six BP recordings and 
corresponding .4-s HR measurements. After the last measure­
ment, the subject was allowed to inspect the anagram soluti­
ons, if he wanted so. Finally, he was debriefed and dis­
charged with the explicit request not to talk to his fellow 
students about the experiment. 
Because tne anagrams were In fact solvable, the Instruc­
tion to solve all anagrams was actually correct. The sub­
jects were told that they could request the answers after­
wards, If they wanted to. This was emphasized prior to the 
task in order to minimize the chances of disengagement. 
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4.3. Results 
4.3.1. Data reduction and baseline data 
The HR data of the habituation, durlng-task, and after-
task periods were averaged per 2-mln Interval, yielding six, 
five, and six values, respectively. 
One-way ANOVAs with repeated measures (Winer, 1971), 
performed on each of the six SBP, DBP, and PP values of each 
condition, for both the habituation and after-task periods, 
revealed that, in each condition, the last three SBP, DBP, 
and PP values of the habituation period, and the last four 
SBP, DBP, and PP values of the after-task period, did not 
differ significantly among each other. Mean habituation and 
after-task baseline values were computed on the basis of 
these BP (three and four values, respectively) and their 
corresponding HR values. Change scores for SBP, DBP, PP, and 
HR were computed by subtracting the subject's mean habitua-
tion baseline score from each of his five during-task 
scores. 
4.3.2. Effects of initial success or failure on the rela-
tionship between cardiovascular responses and problem-sol-
ving efficiency in a 100% condition. 
4.3.2.1. Manipulation checks 
The mean duration of the initial phase (first 44 and 24 
anagrams, respectively) was calculated for both conditions. 
The resulting values (1.40 min, SD - .18; and 1.45 min, SD • 
.13) indicated an equal duration of the initial period for 
both conditions (t < 1) . 
The difference between the mean percentages of anagrams 
solved during the initial phase of the task (93.75%, SD « 
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3.75; and 46.87%, SD - 7.14) was highly significant (t(38) -
26.00, ρ < .001). Of the remaining anagrams 93.44% (SD -
2.65) was solved in the 100% constant condition, and 93.65% 
(SD - 2.64) in the 100% ascending condition (t < 1). 
4.3.2.2. High versus low task performance and cardiovascular 
responses. 
Each group of subjects was divided into two subgroups: 
Subjects scoring below the mean solution time of their 
condition, designated as 'High Performers' (HP) and those 
scoring above the mean solution time, designated as 'Low 
Performers' (LP). This yielded 10 HP and 10 LP in the 100% 
ascending condition. The 100% constant condition had 8 HP 
and 12 LP. 
A 2 * 2 Task Schedule (Constant versus Ascending) * Task 
Performance (High versus Low) ANOVA performed on BP and HR 
baseline values revealed no main or interaction effects for 
any of the dependent variables (see Table 1). 
Table 1 
Mean baseline values of systolic blood pressure (SBP), dia­
stolic blood pressure (DBF), pulse pressure (PP), and heart 
rate (HR), for subjects scoring below (HP) or above (LP) the 
mean anagram solution time in the 100Z constant (n » 8 and η 
• 12, respectively), and in the 1002 ascending condition (n 
» 10 and η - 10, respectively) (SDs in parentheses). 
Condition SBP DBP PP HR 
HP LP HP LP HP LP HP LP 
100Z cons 122.4 121.7 65.2 64.1 57.3 57.6 68.3 64.6 
(6.1) (10.0) (4.0) (7.4) (5.0) (7.5) (6.9)(10.0) 
100Z asc 119.6 123.7 63.2 64.0 56.4 59.6 63.8 64.2 
(8.0) (10.4) (5.0) (6.1) (5.8) (8.1) (8.5)(11.4) 
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Change scores for SBP, DBP, PP, and HR were analyzed In 2 
* 2 * 5 (Task Schedule * Task Performance * Periods) re­
peated measures ANOVAs. 
4.3.2.3. Effects on SBP 
The ANOVA for SBP revealed a significant main effect for 
task performance (F(l/36) - 7.00, ρ - .01) and a task sche­
dule * task performance * period Interaction effect (F(4/33) 
- 2.42, ρ » .06). As shown In Table 2, mean SBP elevations 
were greater for HP than for LP In both the 100% constant 
and 100% ascending condition. Subsequent tests for differen­
ces In trends revealed the linear component to be signifi­
cant (F(l/36) - 8.46, ρ - .006). As depicted In Figure 1, HP 
In the 100% ascending condition had an Increase of SBP 
elevation during the task. For LP In the 100% ascending 
condition and both HP and LP In the 100% constant condition 
this increase was absent. 
Table 2 
Mean changes from baseline In systolic blood pressure (SBP), 
diastolic blood pressure (DBP), pulse pressure (PP), and 
heart rate (HR) for subjects scoring below (HP) or above 
(LP) the mean anagram solution tine, for the 100Z constant 
and ascending condition (SDs In parentheses). 
Condition SBP DBP PP HR 
HP LP HP LP HP LP HP LP 
100Z cons 12.1 5.8 8.3 7.8 3.8 -2.0 4.8 4.3 
(5.3) (3.5) (3.7) (2.7) (5.0) (2.7) (3.4) (2.8) 
100Z asc 12.2 9.5 8.3 10.4 3.9 -1.0 2.5 5.1 
(4.8) (7.3) (4.8) (5.1) (2.9) (6.3) (3.5) (6.7) 
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Flg. 1. Differences between high and low performers In mean 
changes from baseline of systolic blood pressure (SBP) for 
the 100Z constant and ascending condition, averaged across 
2-aln periods of the anagram task. 
4.3.2.4. Effects on DBF 
The ANOVA on M P elevations revealed no main nor interac­
tion effects (see Table 2 and Figure 2 ) . 
4.3.2.5. Effects on PP 
The ANOVA on PP changes revealed a significant main 
effect for task performance (F(l/36) - 14.74, ρ < . 0 0 1 ) . As 
shown in Table 2, HP in both the 100% constant and 100% 
ascending condition had an increase in PP (more systolic 
than diastolic elevation), whereas LP had a PP decrease 
(more diastolic than systolic elevation) in both conditions. 
There were no effects for periods (see Figure 3 ) . 
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Flg. 2. Differences between high and low performers In mean 
changes from baseline of diastolic blood pressure (DBP) for 
the 100Z constant and ascending condition, averaged across 
2-mln periods of the anagram task. 
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Flg. 3. Differences between high and low performers In mean 
changes from baseline of pulse pressure (PP) for the 100Z 
constant and ascending condition, averaged across 2-mln 
periods of the anagram task. 
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4.3.2.6. Effects on HR 
The ANOVA on HR change scores revealed no main nor inter­
action effects (see Table 2), but a nearly significant main 
effect for periods (F(4/33) - 2.31, ρ - .07). Subsequent 
trend analysis revealed the linear component to be signifi­
cant (F(l/36) - 8.06, ρ - .007), indicating a decline of HR 
elevations for the duration of the task (see Figure 4). 
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Flg. 4. Differences between high and low performers In mean 
changes from baseline of heart rate (HR) for the 100Z con­
stant and ascending condition, averaged across 2-mln periods 
of the anagram task. 
4.3.2.7. Habituation/after-task comparisons 
Comparisons between mean habituation and after-task va­
lues using two-tailed t-tests for paired samples, were car­
ried out for both HP and LP. It was found that for HP in the 
100% ascending condition PP and HR values returned to their 
habituation baseline levels, while SBP and DBF after-task 
values were above their habituation baseline levels (t(9) * 
-5.95, ρ < .001 and t(9) - -3.24, ρ - .01, respectively). 
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LP's SBP, PP, and HR returned to their habituation baseline 
levels, while DBP after-task values were above habituation 
baseline (t(9) = -2.52, ρ - .033). In the 100% constant 
condition, only PP after-task values of HP were above habi­
tuation baseline (t(7) - -2.44, ρ - .045). 
4.3.3. Effects of initial success or failure on the rela­
tionship between cardiovascular responses and problem-sol­
ving efficiency in 50% and 30% conditions. 
4.3.3.1. Manipulation checks 
The mean duration of the initial phase of the task (first 
24, 19, 44, and 44 anagrams for the 50% constant, 30% 
constant, 50% descending, and 30% descending condition, 
respectively) was calculated. The resulting values were 1.37 
min (SD - .13), 1.32 min (SD - .06), 1.31 min (SD - .23), 
and 1.39 min (SD - .22). One-way ANOVA revealed no diffe­
rences in duration of the initial phase for each condition 
(F < 1). Also the mean percentages of anagrams solved were 
calculated. These values were 50.21% (SD - 8.4), 23.95% (SD 
= 6.0), 96.02% (SD - 3.6), and 94.32% (SD - 3.9), respect!-. 
vely. The one-way ANOVA performed on these values revealed a 
highly significant difference among conditions (F(3/76) • 
734.14, ρ < .0001). Newman-Keuls multiple comparisons (at ρ 
< .05) showed the initial phase of the 50% descending and 
30% descending conditions to be similar, while for the 50% 
constant and 30% constant conditions it was significantly 
different. The percentages solved of the remaining anagrams 
were 52.21% (SD = 7.4), 30.79% (SD - 9.7), 51.51% (SD -
7.6), and 34.69% (SD = 5.0), respectively. The one-way ANOVA 
performed on these values revealed a significant difference 
among conditions (F(3/76) = 42.65, p < .0001). Newman-Keuls 
multiple comparisons (at ρ < .05) showed the 50% and 30% 
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conditions to be significantly different, while no differen­
ce between the 50% constant and the 50% descending condi­
tions was encountered, nor between the 30% constant and 30% 
descending conditions. 
4.3.3.2. High versus low task performance and cardiovascular 
changes. 
Subjects were also divided into those scoring above or 
below the mean solution time. This yielded 10 HP and 10 LP 
in the 50% descending condition, and 9 HP and 11 LP in the 
30% descending condition. Both the 50% and 30% constant 
conditions had 8 HP and 12 LP (see Chapter 2). A 2 * 2 * 2 
Task Schedule (Constant versus Descending) * Task Difficulty 
(50% and 30%) * Task Performance (High versus Low) ANOVA 
performed on SBP baseline values revealed no main or inter­
action effects (see Table 3). For DBP and PP baseline values 
a main effect for task performance was found (F(l/72) -
4.67, ρ - .034 and F(l/72) - 9.13, ρ - .003, respectively), 
while the ANOVA on HR baseline values revealed a significant 
task schedule * task performance interaction effect (F(l/72) 
- 4.72, ρ « .03) (see Table 3). Change scores for SBP were 
analyzed i n a 2 * 2 * 2 * 5 Task Schedule * Task Difficulty 
* Task Performance * Periods repeated measures ANOVA, while 
for DBP, PP, and HR change scores repeated measures analyses 
of covariance (ANCOVA) were used with respectively DBP, PP, 
and HR baseline values as the covariate. 
4.3.3.3. Effects on SBP 
The ANOVA for SBP revealed a significant main effect for 
task difficulty (F(l/72) - 12.15, ρ - .001), a significant 
task schedule * periods interaction effect (F(4/69) = 4.01, 
ρ » .006), a nearly significant task difficulty * periods 
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Table 3 
Mean baseline values of systolic blood pressure (SBP), dia­
stolic blood pressure (DBF), pulse pressure (PP), and heart 
rate (HR), for subjects scoring below (HP) or above (LP) the 
mean anagram solution time, In the 50Z and 30Z constant (n -
8/ η - 12, respectively. In both conditions), and 502 and 
30Z descending conditions (n - 10/ η =- 10, and η - 9/n » 11, 
respectively) (SDs In parentheses). 
Condition SBP DBF PP HR 
HP LP HP LP HP LP HP LP 
50Z cone 119.8 121.9 62.1 67.1 57.7 54.8 65.8 65.3 
(7.9) (8.8X11.9) (7.2) (9.3) (8.4)(14.9)( 9.3) 
30Z cons 124.9 120.2 65.1 66.4 59.8 53.8 70.0 66.6 
(5.2) (7.6)( 4.2) (8.1) (5.3) (6.9)( 13 . 8)( 12 . 8) 
50% desc 124.1 124.3 62.6 68.5 61.5 55.8 62.1 77.5 
(9.6) (5.5)( 6.0) (7.3) (7.8) (4.4)(11 . 5)( 14 .4) 
30Z desc 127.4 124.7 64.1 66.5 63.3 58.2 66.2 70.6 
(5.7) (9.6)( 3.8) (8.1) (6.7) (7.4)( 7.8X12.2) 
interaction effect (F(4/69) =» 2.27, ρ - .07), and a signifi­
cant main effect for periods (F(4/69) - 17.01, ρ < .001). As 
shown in Table 4, SBP increase for both HP and LP was higher 
in the 50% conditions as compared with the 30% conditions. 
Subsequent tests for differences in trends for the task 
schedule * periods interaction effect revealed a significant 
linear difference (F(l/72) - 9.01, ρ = .004). As depicted in 
Figure 5, SBP elevations in the 50% and 30% descending 
conditions dissipated more rapidly than in the 50% and 30% 
constant conditions. Subsequent tests for differences in 
trends for the task difficulty * periods interaction effect 
also revealed a significant linear difference (F(l/72) -
6.83, ρ « .01). It indicates a faster decline of SBP eleva-
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Table 4 
Mean changes from baseline In systolic blood pressure (SBP), 
diastolic blood pressure (DBP), pulse pressure (PP), and 
heart rate (HR) for subjects scoring below (HP) or above 
(LP) the mean anagram solution time, for the 50Z and 30Z 
constant and descending conditions (SDs In parentheses). 
Condition SBP DBP PP HR 
HP LP HP LP HP LP HP LP 
50Z cons 13.9 12.7 14.1 8.6 -0.2 4.2 4.7 3.5 
(5.8) (5.4) (6.4) (4.5) (2.1) (4.0) (2.6) (4.2) 
30Z cons 6.7 10.5 9.3 7.4 -2.6 3.1 0.9 5.1 
(6.0) (5.7) (2.2) (3.9) (4.8) (3.9) (7.0) (6.0) 
50Z desc 11.6 10.4 10.7 6.5 1.0 3.8 8.4 2.7 
(5.4) (6.1) (4.2) (5.6) (4.8) (4.0) (4.7) (4.2) 
30Z desc 6.0 7.5 8.7 7.6 -2.7 -0.1 i.4 6.1 
(5.5) (5.5) (4.4) (3.9) (4.8) (4.6) (1.6) (6.5) 
tions in the 30% conditions as compared with the 50% condi­
tions (see Figure 5). Subsequent tests for differences in 
trends because of the main effect for periods revealed a 
significant linear (F(l/72) - 51.89, ρ < .001) and quadratic 
component (F(l/72) - 18.49, ρ < .001), indicating a decline 
of SBP elevations for the duration of the task in all condi­
tions (see Figure 5). 
4.3.3.4. Effects on DBP 
The ANCOVA for DBP revealed a significant main effect for 
task performance (F(l/71) •9.53, ρ = .003), a task perfor­
mance * periods interaction effect (F(4/69) - 3.87, ρ » 
.007), and a main effect for periods (F(4/69) = 8.27, ρ < 
.001). As shown in Table 4, in all conditions DBP elevations 
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of HP were greater as compared with those of LP. Subsequent 
tests for differences in trends for the task performance * 
periods interaction effect revealed a significant quadratic 
difference (F(l/72) - 3.97, ρ - .05). Tests for differences 
in trends because of the main effect for periods revealed a 
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significant linear (F(l/72) - 16.95, ρ < .001) and quadratic 
component (F(l/72 - 9.28, ρ - .003). As indicated in Figure 
6, while for both HP and LP DBP elevations declined for the 
duration of the task, for HP this was less obvious. 
4.3.3.5. Effects on PP 
The ANCOVA for PP revealed a significant main effect for 
task difficulty (F(l/71) - 7.53, ρ - .008), a main effect 
for task performance (F(l/71) - 9.55, ρ - .003), a task 
schedule * periods interaction effect (F(4/69) - 2.76, ρ -
.03), a task difficulty * periods interaction effect 
(F(4/69) - 4.57, ρ - .002), and a main effect for periods 
(F(4/69) - 5.47, ρ - .001). Tests for differences in trends 
for the task schedule * periods interaction effect revealed 
a cubic difference (F(l/72) - 3.43, ρ - .06), indicating 
that, despite an initial increase for LP in the 50% descen­
ding condition, PP decreased more rapidly in the descending 
conditions as compared with both constant conditions, espe­
cially at the beginning of the task (see Figure 7). For the 
task difficulty * periods interaction effect a significant 
linear (F(l/72) - 10.34, ρ - .002) and quadratic difference 
(F(l/72) - 6.25, ρ • .015) was found. As shown in Figure 7, 
PP decreased faster in the 30% conditions as compared with 
the 5OX conditions. Tests for differences in trends because 
of the main effect for periods revealed a significant linear 
(F(l/72) - 13.05, ρ - .001) and quadratic component (F(l/72) 
» 3.98, ρ = .05), indicating a decrease of PP changes for 
the duration of the task (see Figure 7). 
4.3.3.6. Effects on HR 
The ANCOVA for HR revealed a significant task difficulty 
* task performance interaction (F(l/71) = 10.8, ρ = .002), a 
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task schedule * task difficulty * periods interaction 
(F(4/69) - 2.51, ρ - .04), and a main effect for periods 
(F(4/69) - 5.82, ρ < .001). As shown in Table 4, HP in the 
30% conditions had a lower HR elevation as compared with LP, 
while in the 50% descending condition HP had the greatest HR 
—OHiPerf 50Ϊ con 
—«LoPerf 50X con 
—OHiPerf 50X desc 
—«LoPerf SOt desc 
-<X_ 
О 
-OHiPerf 30t con 
-•LoPerf 30S eon 
O--—OHiPerf 30» desc 
• - — « L o P e r f 30* desc 
^ ^ g - ^ 
4 6 8 
P E R I O D S ( m i n u t e · ) 
— О 
10 
Fig. 8. Differences between high and low performers In mean 
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increase. Subsequent tests for differences in trends for the 
task difficulty * task schedule * periods interaction effect 
revealed a quadratic (F(l/72) - 4.80, ρ « .032) and cubic 
difference (F(l/72) - 4.49, ρ - .037). Tests for differences 
in trends because of the main effect for periods revealed a 
significant linear (F(l/72) - 23.37, ρ < .001) and quadratic 
component (F(l/72) - 4.55, ρ - .036). As shown in Figure 8, 
HR declined for the duration of the task, being the least 
obvious in the 50% constant condition. 
4.3.3.7. Habituation/after-task comparisons 
Comparisons between mean habituation and after-task va­
lues, using two-tailed t-tests for paired samples, carried 
out for both HP and LP in each condition, showed that in all 
cases after-task BP and HR values were equal to or below 
habituation baseline levels. 
4.4. Discussion 
In general accordance with previous findings (van Schijn-
del et al., 1985), results of the present experiment reveal­
ed a main effect for task performance on SBP and PP in the 
100% conditions, and a main effect for task performance on 
DBF and PP in the 50% and 30% conditions. In addition, no 
main effect for task schedule nor a task schedule * task 
performance Interaction effect was encountered. Taken to­
gether, these results indicate that experiences of success 
or failure at the beginning of the task are not decisive in 
determining the distinct relationship between cardiovascular 
responses and problem-solving efficiency, i.e. the concomi­
tance of PP increase (more systolic than diastolic eleva­
tion) with relatively good performance and PP decrease (more 
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diastolic than systolic elevation) with relatively poor 
performance in the 1001 condition, on the one hand, and the 
covariance of PP decrease with good performance and PP 
increase with relatively bad performance in the 50% and 30% 
conditions, on the other hand. 
The initial experiences of success or failure, however, 
did have an effect on the course of BP change during the 
task. In the 100% ascending condition there was an increase 
of SBP elevations during the task for HP. This increase of 
SBP elevations over time was absent for both HP and LP in 
the 100% constant condition and for LP in the 100% ascending 
condition. The increase of SBP elevations could be related 
to what has been described as reactance, i.e. heightened 
effort to reassert control in response to initial failure 
experiences (Wortman & Brehm, 1975). With respect to the 
restriction of this SBP increase to HP, it is interesting to 
note that achievement motivation theory predicts that espe-
cially high test anxious subjects will demonstrate a surge 
in effort to compensate for prior inadequacy (Atkinson & 
Birch, 1978; Eysenck, 1979; Schneider, 1978). Taking this 
into account, the restriction of the SBP increase to HP 
would provide additional support for the previously sugges-
ted role of test anxiety in mediating the specific relation-
ship between cardiovascular functioning and task performance 
(van Schijndel et al., 1985). 
The effect of initial success on the course of BP change 
in the 50% and 30% descending conditions was a more rapid 
decline over time in the magnitude of the SBP responses for 
both HP and LP as compared with that in the 50% and 30% 
constant conditions. Although no performance differences 
between the constant and descending conditions were found, 
this rapid dissipation of initial SBP increases could be 
related to what is known as disengagement (Nation, Cooney, & 
Gartrell, 1979; Singer, 1974) or egotism (Snyder, Smoller, 
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Strenta, & Frankel, 1981). (See Light & Obrist, 1983; van 
Schijndel et al., 1984). 
The initial experiences of success or failure also had an 
effect on the recovery of experimentally induced cardiovas-
cular changes to pre-stressor levels: In the 100% ascending 
condition DBP after-task values were above habituation base-
line levels for both HP and LP. For HP, also SBP after-task 
values were above habituation baseline, while in the 100% 
constant condition only PP for HP was above habituation 
baseline level. 
With respect to the HR data, the finding that in both the 
30% constant and descending conditions HP had a lower HR 
increase relative to LP, is in agreement with results of 
Frankenhaeuser, Nordheden, Myrsten, & Post (1971), who also 
reported a tendency for low HR subjects to perform better in 
an complex sensori-motor task as compared with high HR 
subjects. These results fit with the suggested role of o¡-
versus /3-adrenergic activation in explaining the difference 
between HP and LP in cardiovascular functioning (van Schijn-
del et al., 1985). 
In conclusion, the results of the present experiment 
indicated that initial experiences of success or failure did 
have an effect on the course of SBP changes during the task, 
but were not decisive in determining the specific relation-
ship between cardiovascular changes and task performance. On 
the whole, the current data confirmed that high performance 
in an easy task and low performance in a difficult task are 
associated with PP increase, whereas low performance in an 
easy task and high performance in a difficult task are 
associated with PP decrease. The results also provided some 
additional support for the suggested role of test anxiety in 
mediating this relationship between cardiovascular changes 
and task performance. Nevertheless, despite the consisten-
cies mentioned, it remains to be determined whether, indeed, 
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as suggested previously (van Schijndel et al., 1985), those 
subjects who perform relatively good in an easy task and 
poor in a difficult task, will show a PP increase in both 
tasks, and subjects who perform relatively poor in an easy 
task and good in a difficult task will show a PP decrease. 
This hypothesis relates to the concept of individual respon-
se specificity, which states that subjects tend to exhibit 
idiosyncratic patterns of physiological activation in res-
ponse to diverse stimulus conditions (Roessler & Engel, 
1977; Sternbach, 1966). Further, it is hypothesized that the 
former will have a higher level of test anxiety as compared 
with the latter. This hypothesis is derived from test anxie-
ty theory, which predicts that a high level of test anxiety 
would facilitate performance on an easy task, whereas it 
would impair performance on more complex tasks (Heinrich & 
Spielberger, 1982; Sarason, 1980). 
The design that can be supposed to yield an unequivocal 
test of these hypotheses requires, among other things, that 
one subject is provided with both an easy and difficult 
task, in one sequence or the other. By the fact that this 
implies the use of both an adjusted ascending and descending 
condition, it is also in this respect that the present data 
are considered to be specifically important. 
Experimentation to test the formulated hypotheses is now 
in progress. 
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Chapter 5 
CARDIOVASCULAR RESPONSES 
AS RELATED TO TASK DIFFICULTY, 
TASK PERFORMANCE, AND TEST ANXIETY 

CARDIOVASCULAR RESPONSES 
AS RELATED TO TASK DIFFICULTY, 
TASK PERFORMANCE, AND TEST ANXIETY 
ABSTRACT 
The purpose of this study was threefold: (a) to examine 
whether Individual response specificity Is a factor In the 
relationship between cardiovascular responding and task 
performance, I.e. the association between pulse pressure 
(PP) Increase and performing relatively good In an easy task 
and poor In a difficult one, on the one hand, and between PP 
decrease and performing relatively poor In an easy task and 
good In a difficult one, on the other hand; (b) whether 
level of test anxiety differentially relates to task perfor-
mance depending on the difficulty of the task; and (c) to 
determine whether magnitude of blood pressure (BP) responses 
Is a function of level of task difficulty. Subjects were 
provided either a difficult task followed by an easy task 
(ascending condition), or an easy task with subsequently a 
difficult one (descending condition). 
Results revealed that subjects who performed good In the 
easy task and poor In the difficult one had a PP Increase In 
both tasks, while subjects who performed relatively poor In 
the easy task and good In the difficult one had a PP decrea-
se In both. Additionally, It was found that In the ascen-
ding condition the former had a higher level of test anxiety 
as compared to the latter. With respect to magnitude of 
cardiovascular responding, results Indicated that In the 
ascending condition BP was more elevated In the difficult 
task as compared with the easy task, while the reverse was 
true In the descending condition. 
Results were discussed In relation to the concept of 
motivational response specificity. Consideration was given 
to the Importance of the pattern of success and failure In 
determining magnitude of physiological responding. The pos-
sible relevance of the present data with respect to the role 
of response specificity In cardiovascular disorders was also 
discussed. 
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5.1. Introduction 
The present study has grown out of relatively independent 
lines of investigation: Experimental analysis of relations 
between task performance and physiological functioning, 
research on the effects of test anxiety on task performance, 
and studies demonstrating physiological differentiation of 
emotional states. In addition, the present experiment will 
be concerned with the effects of behavioral control on 
cardiovascular responses. 
In a series of experiments by Frankenhaeuser and her co-
workers (Frankenhaeuser & Andersson, 1974; Frankenhaeuser, 
Nordheden, Myrsten, & Post, 1971; Frankenhaeuser & Rissler, 
1970; Patkai, Frankenhaeuser, Rissler, & Björkvall, 1967) on 
the relationship between catecholamine secretion and perfor-
mance efficiency, it has been demonstrated that, under con-
ditions of low to moderate stimulation, subjects who had a 
relatively higher adrenaline excretion level performed bet-
ter than those who had lower levels, while subjects with 
relatively lower adrenaline excretion tended to perform 
better in a more difficult task. These findings were exten-
ded to cardiovascular measures in an experiment by van 
Schijndel, De Mey, & Näring (1985). It was found that sub-
jects who performed well in an easy anagram task (100% 
condition) and those who performed relatively poor in more 
difficult 50% and 30% anagram tasks showed a pulse pressure 
(PP) increase, i.e., more systolic blood pressure (SBP) than 
diastolic blood presure (DBP) elevation, whereas subjects 
who performed relatively poor in the 100% task and those who 
performed well in the 50% or 30% task, showed a PP decrease, 
i.e., more DBP than SBP elevation. As elaborated upon pre-
viously, these results are considered to parallel closely 
those obtained by Frankenhaeuser et al. (1971) with respect 
to the relationship between adrenaline secretion and task 
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performance. 
In psychophysiological research it has been demonstrated 
that individuals tend to exhibit idiosyncratic patterns of 
physiological activation in response to diverse stimulus 
conditions (Roessler & Engel, 1977; Sternbach, 1966). This 
phenomenon is referred to as individual response specificity 
(1RS). A first objective of the present experiment was to 
investigate whether 1RS is extant as a factor in the speci-
fic relationship between cardiovascular responding and task 
performance. In particular, on the basis of previous results 
outlined above, the hypothesis was advanced that, on the one 
hand, those subjects who perform relatively good in an easy 
task and poor in a difficult task will show a PP increase in 
both the easy and difficult task, and, on the other hand, 
that subjects who perform relatively poor in an easy task 
and good in a difficult one will show a PP decrease in both 
tasks. 
To account for the relationship between adrenaline secre-
tion and task performance, it has been suggested by Lundberg 
(1982) that the superior performance of subjects with higher 
levels of adrenaline excretion is related to a higher level 
of effort expenditure of these subjects. Although it is 
beyond doubt that effort is an important factor with respect 
to task performance (Thomas, 1983), this interpretation does 
not take into account the fact that in the study of Franken-
haeuser et al. (1971) subjects who excreted relatively more 
adrenaline tended to perform poorer in a more complex task 
as compared with subjects with relatively lower adrenaline 
excretion rates. In addition, the unidimensional character 
of Lundberg's interpretation is incompatible with the diffe-
rential effect of task difficulty on the specific relation-
ship between distinct patterns of cardiovascular functioning 
and task performance, i.e., high performance in an easy task 
being associated with more SBP than DBP elevation, while in 
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a difficult task it was accompanied by more DBF than SBP 
elevation. Considering results from studies demonstrating 
physiological pattern differences, especially cardiovascular 
and neurohormonal differentiation, between emotional states 
(Martin, 1961; Schildkraut & Kety, 1967), it is suggested 
that the reversal of the relationship between physiological 
activation and task performance, as obtained for both adre-
naline secretion and cardiovascular responses, might be 
accounted for by considering physiological responding to 
reflect individual differences in emotional state (cf. van 
Schijndel, et al., 1985). In particular, because of the fact 
that on the one hand PP increase was associated with high 
performance in an easy task and relatively low performance 
in a more difficult task, while, on the other hand, PP 
decrease was accompanied by relatively low performance In an 
easy task and high performance in a difficult task, it is 
proposed that level of anxiety might be a factor in media-
ting the observed relationship between physiological respon-
ding and task performance. This assumption is derived from 
test anxiety theory (Sarason, 1980). With respect to the 
relationship between level of anxiety and quality of task 
performance, test anxiety theory predicts that a high level 
of anxiety would facilitate performance on simple tasks, 
whereas it would impair performance on more complex tasks. 
Conversely, a low level of anxiety would yield relatively 
poor performance on easy, and better performance on diffi-
cult tasks1. A substantial amount of empirical evidence is 
available to support the validity of the assertion that 
anxiety differentially affects performance depending on the 
It has to be noted that these predictions apply to male 
subjects, because for female subjects matters are complica-
ted by the fact that female achievement behavior Is also 
characterized by the 'motive to avoid success' (Horner, 
1978; Sassen, 1980). In both Frankenhaeuser's and our expe-
riment only male subjects participated. 
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complexity of the task (Deffenbacher, 1980; Eysenck, 1979, 
1985; Geen, 1985; Hamilton, 1979; Morris & Liebert, 1970). 
Based on these results of test anxiety research, a second 
objective of the present experiment was to test the hypothe­
sis that subjects who perform relatively good in an easy 
task and poor in a difficult task, will have a higher test 
anxiety score as compared with those subjects who perform 
relatively poor in an easy task and good in a difficult 
task. 
In addition to pattern differences in cardiovascular 
functioning, the present experiment was also concerned with 
differences in magnitude of cardiovascular responding (cf. 
Schnore, 1959). A third objective of this study was to 
provide a more complete assessment of the effects of beha­
vioral control on cardiovascular responses. Behavioral con­
trol is defined as the availability of a response that may 
directly influence or modify the objective characteristics 
of an eversive stimulus situation (Averill, 1973). In the 
present study the definition of behavioral control is exten­
ded to include that the aversiveness of the situation can 
also be the result of the non-availability of the required 
response (cf. Sells, 1970). Behavioral control is manipula­
ted by varying level of task difficulty. In a previous study 
(van Schijndel, De Mey, Ь Näring, 1984) we have provided 
corroborative evidence for the assertion that behavioral 
control is a physiologically relevant psychological variable 
(e.g. Bandura, Reese, & Adams, 1982; Light & Obrist, 1983; 
Obrist, 1981). It was found that BP elevations were curvili-
nearly related to degree of behavioral control, i.e. more 
elevated in the 50% than in the 100% and 30% conditions. The 
present experiment sought to determine whether this greater 
cardiovascular, especially SBP, responding in a 50% task as 
compared with a 100% task could be reproduced when one 
subject is provided with both tasks successively. 
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In summary, the present experiment was undertaken to 
investigate whether: (1) subjects who perform relatively 
good in an easy task and poor in a difficult task, will show 
a PP increase in both tasks and subjects who perform relati-
vely poor in an easy task and good in a difficult task will 
show a PP decrease in both tasks; (2) subjects who perform 
relatively good in an easy task and poor in a difficult task 
will have a higher test anxiety score as compared with those 
subjects who perform relatively poor in an easy task and 
good in a difficult task; (3) cardiovascular elevations in a 
50% task will be greater relative to those in a 100% task. 
5.2. Method 
5.2.1. Subjects 
The subjects were 60 male undergraduate volunteers, stu-
dying at the Catholic University of Nijmegen. They received 
a compensation of Dfl. 15.00 for their participation. Thirty 
subjects matched for mean arterial pressure (NAP) and time 
of experimental session (a.m. or p.m.) were assigned to one 
of two conditions. Their mean age was 20.4 yrs (S.D. • 
2.21). 
5.2.2. Apparatus 
The apparatus consisted of an automatic noninvasive blood 
pressure recording device (Dinamap; AMR, Model 845), a car-
diotachometer2, a Universal Amplifier (Siemens, Type 854), 
and an oscilloscope (Tektronix, Type 5103 N). The Dinamap 
2Designed and manufactured by the electronics workshop of 
the Department of Psychology at Nijmegen. 
118 
and cardiotachometer were Interfaced (see Footnote 2) to a 
MINC-11 DEC computer, to which a Digital VT-105 terminal was 
connected. The apparatus was located adjacent to the experi-
mental room. 
5.2.2.1. Stimulus material 
The stimulus material consisted of two sets of five-
letter anagrams, each set differing with regard to the 
number of solvable anagrams being randomly distributed among 
unsolvable anagrams. 'Unsolvable' meant not solvable within 
the 5-s time limit allowed to solve an anagram, as had been 
determined in pilot work. Each anagram was presented to the 
subject on an standard television set, either by the experi-
menter pressing a button whenever the subject had solved an 
anagram, or automatically after 5 s if no solution was 
given. The percentages of solvable anagrams were 100 and 50. 
The total number of anagrams per task was 300 and 180, 
respectively. These differing numbers of anagrams resulted 
in about the same duration of the anagram tasks (ca. 10 - 12 
min), so that equal numbers of BP and HR recordings could be 
obtained for both tasks. Conditions were named according to 
the sequence wherein the tasks were presented to the sub-
jects: the 50% - 100% sequence, which constitutes an ascen-
ding schedule of reinforcement, was named ascending conditi-
on, while the 100% - 50% sequence, representing a descending 
schedule of reinforcement, was called descending condition. 
These two conditions were used to control for sequence 
effects. 
5.2.2.2. Measurement of physiological variables 
Values of systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) were obtained by the Dinamap, with the 
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cuff automatically inflated every 2 min. Pulse pressure (PP) 
was calculated from the difference in pressure (mm Hg) 
between concomitantly recorded systolic and diastolic blood 
pressure. The electrocardiogram (ECG) was recorded using 
three disposable electrodes (Siemens, Arbo, Type H69), two 
of which were positioned bilaterally over the fourth inter-
costal space, and the ground electrode was placed over the 
left arcus costalis. The ECG was amplified and filtered 
(time constant of the amplifier .05 s, low pass filter at 30 
Hz). The filtered signal was fed into the cardiotachometer 
to convert the successive R-R intervals into a voltage based 
on trigger pulses delivered whenever the input signal ex-
ceeded a preadjusted level. This voltage, proportional to 
beats per minute, was led to an analog-to-digital converter 
of the MINC-11 computer and registered every .4s. In order 
to minimize artefacts, both signal and level were simulta-
neously available on the oscilloscope so that for every 
subject the level could be adjusted to the ECG R-wave. 
Before the HR data were statistically analyzed, hand editing 
in conjunction with computerized detection and recovery of 
artefacts was accomplished in a way that values deviating 
more than 30 bpm from their preceding value were replaced by 
that preceding value. Because of an extremely rare occurren-
ce of artefacts, the risk of measurement error was absent. 
5.2.3. Procedure 
Upon entering the laboratory, the subject was adminis-
tered the Achievement Motivation Test (AMT; Dutch: Prestatie 
Motivatie Test, PMT; Hermans, 1976), and was asked to fill 
in his age. The score on the 'negative fear of failure' 
subscale of the AMT was used to assess the level of test-
anxiety, according to the B-norms (Hermans, 1976). The vali-
dity of the AMT has been demonstrated (Feij, 1974, 1975). 
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After completion of the test, the subject was invited to sit 
in a comfortable, straight-backed chair, and was informed 
that the purpose of the experiment concerned the relation-
ship between information processing (solving anagrams) and 
physiological changes (blood pressure and heart rate). The 
ECG electrodes were attached to the subject's chest and the 
cuff was placed on the subject's left arm. A first recording 
was made to allow the subject to become accustomed to the 
blood pressure recording procedure and to allow the automa-
tic pumping limits of the machine to adjust to the subject's 
systolic pressure. When no problems were encountered, the 
subject was told that a number of baseline BP and HR recor-
dings had to be taken for habituation purposes. He was 
requested to remain resting quietly and to keep his eyes 
open until the experimenter reentered the room to explain 
the anagram task. 
During the habituation period, six (one every 2 min) BP 
recordings were taken, while HR was measured every .4 s. 
Thereafter, the subject was assigned to one of the two 
experimental conditions on the basis of two criteria: (a) 
time of day (a.m. or p.m.), to control for diurnal BP fluc-
tuations (Millar-Craig, Bishop, & Raftery, 1978), and (b) 
mean arterial pressure (MAP), in order to obtain equal 
baselines for the two conditions. The MAP was computed by 
the MINC-11, according to the formula of Mcintosh, Burnum, 
Hickam, and Warren (1954): MAP = diastolic pressure + one 
third of pulse pressure. The experimenter could read the MAP 
from the VT-105 display at the end of the six BP recordings. 
On the basis of pilot work, three levels of MAP readings had 
been distinguished, namely, high (>90 mm Hg) , medium (84 mm 
Hg < MAP < 90 mm Hg), and low (< 84 mm Hg). 
After reentering the room, the experimenter explained the 
task to the subject about as follows: "In a moment, a series 
of anagrams will be presented on this monitor. Anagrams 
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consist of a number of letters randomly ordered in the form 
of a nonsense word. These letters have to be reordered into 
a meaningful word that must take the form of a monosyllabic 
noun (example given). All other outcomes are wrong. The 
anagrams chosen consist of only five letters, in order not 
to make the task too difficult. Each anagram is presented 
for a maximum of 5 s whereupon the next anagram will automa-
tically appear on the monitor. If you think you have the 
right solution, say the word, then I immediately give you 
the next anagram by pressing this button. All anagrams are 
solvable; if you want, we can go over them afterwards . In 
order to enable you to concentrate on the task as best as 
you can, we will have a rest for five minutes half-way the 
task. Are there any questions? (The experimenter answered 
possible questions.) Shall we start now?" The subject was 
then invited to put on earphones in order to minimize dis-
traction. During the anagram task, after the first 2 min, 
five BP measurements (one every 2 min) and HR measurements 
(every .4 s) were taken. When the message: "This was the 
last anagram of the first series" appeared on the monitor, 
the experimenter removed the cuff from the subject's arm and 
asked him to put off the earphones and to remain seated for 
a five minutes rest. Then the experimenter went to the 
adjacent room and started a stopwatch to check the five 
minutes rest, that was included to assure an accurate deter-
mination of the BP and HR between-tasks baseline values. 
After the rest period the experimenter reentered the room, 
replaced the cuff on the subject's left arm and started 
again a first BP recording to allow the automatic pumping 
3Becauee the anagrams were In fact solvable, the Instruc-
tion to solve all anagrams was actually correct. The sub-
jects were told that they could request the answers after-
wards, If they wanted to. This was emphasized prior to the 
task In order to minimize the chances of disengagement. 
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limits of the machine to adjust to the subject's systolic 
pressure. Then the subject was told that once more a number 
of baseline BP and HR recordings had to be taken for habi­
tuation purposes. Again six (one every 2 min) BP recordings 
were taken, while HR was measured every .4 s. Thereafter, 
the experimenter reentered the room, invited the subject to 
put on the earphones, and started the second task. BP and HR 
measurements were taken as described for the first task. 
When the message "This was the last anagram" appeared on the 
monitor, the subject was undone from the ECG electrodes, the 
cuff, and earphones, and was allowed to inspect the anagram 
solutions, if he wanted so. Finally, he was debriefed and 
discharged with the explicit request not to talk to his 
fellow students about the experiment. 
5.3. Results 
5.3.1. Manipulation check 
The mean percentage of anagrams solved was calculated for 
each task in both conditions. The resulting values were 
48.37 (S.D. - 5.47), and 94.31 (S.D. - 3.29) for the 507. and 
100% task of the ascending condition, and 92.87 (S.D. -
2.93), and 57.28 (S.D. - 5.76) for the 100% and the 50% task 
of the descending condition. A 2 * 2 Conditions (Ascending 
and Descending) * Task Difficulty (50% and 100%) analysis of 
variance (ANOVA) with repeated measures revealed a signifi­
cant main effect for conditions (F(l/58) = 14.78, ρ < .001), 
a highly significant main effect for task difficulty 
(F(l/58) - 3842.18, ρ < .0001), and a significant conditions 
* task difficulty interaction effect (F(l/58) = 61.94, p < 
.0001). Subsequent t-tests indicated that in the 50% task of 
the descending condition a higher percentage of anagrams was 
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solved as compared with the 50% task of the ascending condi­
tion (t(58) = 6.14, ρ < .001)4. 
5.3.2. Data reduction and baseline data 
The HR data of the habituation, both during-tasks, and 
between-tasks periods were averaged per 2-min interval, 
yielding six, five, and six values, respectively. One-way 
ANOVAs with repeated measures (Winer, 1971), performed on 
each of the six SBP, DBF and PP values of both conditions, 
for both the habituation and between-tasks periods, revealed 
that, in both conditions, the last three SBP, DBP and PP 
values did not differ significantly among each other. Mean 
habituation and between-tasks baseline values were computed 
on the basis of these BP values and their corresponding HR 
values. Change scores for SBP, DBP, PP, and HR were computed 
by subtracting each of the five during-task scores from the 
subject's mean habituation and between-tasks baseline, res­
pectively. 
5.3.3. High versus low performance and cardiovascular 
changes 
For both the ascending and descending condition subjects 
were divided into four subgroups; subjects scoring below the 
mean solution time in both the 50% and 100% task of their 
condition were designated H50%-H100% Performers; subjects 
scoring above the mean solution time in both the 50% and 
100% task of their condition were designated L50%-L100% 
Performers; subjects scoring below the mean solution time in 
the 50% and above the mean solution time in the 100% task of 
Analysis of data after an arcsin transformation (Winer, 
1971) revealed similar results. 
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their condition were designated H50%-L100% Performers; sub­
jects scoring above the mean solution time in the 50% and 
below the mean solution time in the 100% task were designa­
ted L50%-H100% Performers. This yielded 8 H50%-H100%, 7 
L50%-L100%, 6 L50%-H100%, and 9 H50%-L100% Performers in the 
ascending condition, and 8 H50%-H100%, 12 L50%-L100%, 5 
L507.-H1007o, and 5 H50%-L100% Performers in the descending 
condition (see Table 1). 
A 2 * 4 * 2 Conditions (Ascending and Descending) * Task 
Performance (H50%-H100%, L50%-L100%, L50%-H100%, and H50%-
L100%) * Baseline (Habituation and Between-Tasks) ANOVA with 
repeated measures performed on SBP, DBP, PP, and HR baseline 
values revealed for SBP a significant main effect for base­
line (F(l/52) = 9.89, ρ - .003), indicating that between-
Table 1 
Number of subjects scoring above (LP) or below (HP) the mean 
solution time in the 50Z and 100% task of their condition 
(see text for abbreviations). 
Condi tion 
ascending 
100Z task 
HP LP 
HP η - 8 η - 9 
50Z task 
LP η - 6 η = 7 
descending 
S0Z task 
HP LP 
HP η - 8 η - 5 
lOOZ task 
LP η - 5 η - 12 
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tasks baseline values were lower as compared with habituati­
on baseline values (see Table 2 and 3). The ANOVA for DBP 
revealed no main nor Interaction effects (see Table 2 and 
3), while for both PP and HR a significant main effect for 
baseline was found (F(l/52) - A.51, ρ - .039, and F(l/52) -
29.95, ρ < .0001, respectively), again indicating that PP 
and HR between-tasks baseline values were lower relative to 
habituation baseline values (see Table 2 and 3). 
Change scores for DBP were analyzed in a 2 * 4 * 2 * 5 
Conditions * Task Performance * Task Difficulty * Periods 
repeated measures ANOVA, while for SBP, PP, and HR change 
scores repeated measures analyses of covariance (ANCOVA) 
were used with, respectively, SBP, PP, and HR habituation 
and between-tasks baseline values as the covariates. 
Tab le 2 
Mean h a b i t u a t i o n and b e t w e e n - t a s k s b a s e l i n e v a l u e s of s y s t o ­
l i c b lood p r e s s u r e ( S B P ) , d i a s t o l i c b lood p r e s s u r e (DBP), 
p u l s e p r e s s u r e ( P P ) , and h e a r t r a t e (HR), for the a s c e n d i n g 
and d e s c e n d i n g c o n d i t i o n (SDs in p a r e n t h e s e s ; η » 30 per 
c o n d ì t l o n ) 
C o n d i t i o n SBP DBP PP HR 
a s c e n d h a b i t u a t i o n 1 2 3 . 9 1 6 4 . 9 4 5 8 . 9 7 7 0 . 1 1 
b a s e l i n e ( 8 . 2 ) ( 7 . 2 ) ( 7 . 7 ) ( 1 2 . 0 ) 
b e t w e e n - t a s k s 1 2 2 . 7 0 6 5 . 5 0 5 7 . 2 0 6 7 . 0 6 
b a s e l i n e ( 9 . 0 ) ( 6 . 0 ) ( 8 . 2 ) ( 9 . 8 ) 
d e s c e n d h a b i t u a t i o n 1 2 3 . 1 2 6 6 . 1 8 5 6 . 9 4 6 5 . 2 0 
b a s e l i n e ( 8 . 2 ) ( 7 . 8 ) ( 7 . 9 ) ( 8 . 0 ) 
b e t w e e n - t a s k s 1 2 0 . 5 1 6 4 . 9 7 5 5 . 5 4 6 2 . 9 9 
b a s e l i n e ( 7 . 6 ) ( 6 . 4 ) ( 7 . 5 ) ( 7 . 8 ) 
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Table 3 
Mean h a b i t u a t i o n and b e t w e e n - t a s k s b a s e l i n e v a l u e s of s y s t o ­
l i c b lood p r e s s u r e ( S B P ) , d i a s t o l i c b lood p r e s s u r e (DBP), 
p u l s e p r e s s u r e ( P P ) , and h e a r t r a t e (HR), for H50Z-H100Z 
( 1 ) , L50Z-H100J: ( 2 ) , H50Z-L100Z ( 3 ) , and L50Z-L100Z ( 4 ) 
s u b j e c t s In the a s c e n d i n g and d e s c e n d i n g c o n d i t i o n (SDs In 
p a r e n t h e s e s ; s e e t e x t for a b b r e v i a t i o n s ) . 
Cond 
ascend 
habit 
be tv 
deseen 
habit 
betw 
per 
1 
2 
3 
4 
1 
2 
3 
4 
d 
1 
2 
3 
4 
1 
2 
3 
4 
f SBP 
124.04(10.9) 
123.50 (8.6) 
124.67 (7.5) 
123.14 (6.9) 
123.58(10.9) 
122.94 (9.1) 
125.70 (5.8) 
117.62 (9.7) 
124.67 (6.9) 
121.87 (6.1) 
123.40 (7.5) 
122.50(10.5) 
121.54 (5.5) 
119.00 (7.8) 
122.00 (5.3) 
119.83 (9.8) 
DBP 
64.88(9.5) 
65.22(5.0) 
65.37(8.5) 
64.24(4.9) 
64.92(7.6) 
67.17(3.3) 
66.30(6.1) 
63.71(6.3) 
68.83(8.2) 
68.80(5.7) 
64.13(5.0) 
64.17(9.0) 
67.38(5.9) 
66.87(5.7) 
62.27(5.8) 
63.69(7.2) 
PP 
59.17 (7.9) 
58.28(10.5) 
59.30 (8.0) 
58.90 (5.9) 
58.67 
55.78 
59.41 
53.90 
(8.3) 
(9.6) 
(9.1) 
(5.6) 
55.83 (5.6) 
53.07 (6.5) 
59.27(10.1) 
58.33 (8.8) 
54.17 
52.13 
59.73 
56.14 
(3.4) 
(6.7) 
(9.9) 
(8.5) 
HR 
65.5АЦ2.5) 
71.27(12Г8) 
71.03(14.2) 
73.18 (7.8) 
61.40 (9.1) 
68.95(11.4) 
67.76(10.6) 
71.02 (6.7) 
64.33(11.6) 
69.81 (4.2) 
69.25 (6.7) 
62.16 (5.8) 
62.01(11.6) 
66.34 (4.3) 
67.34 (5.9) 
60.43 (5.8) 
5.3.4.1. Effects on SBP 
The ANCOVA for SBP revealed a significant main effect for 
conditions (F(l/51) - 12.62, ρ - .001), a conditions * task 
difficulty interaction effect (F(l/51) = 30.82, ρ < .0001), 
and a significant main effect for periods (F(4/49) = 6.45, ρ 
<.001). With respect to the main effect for conditions, it 
is shovm in Table 4 that mean SBP elevation in the ascending 
condition was significantly above that in the descending 
condition. For the conditions * task difficulty interaction 
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Table 4 
Mean changes from baseline of systolic blood pressure (SBP), 
diastolic blood pressure (DBF), pulse pressure (PP), and 
heart rate (HR), for both levels of task difficulty In the 
ascending and descending condition (SDs in parentheses; η » 
30 per condition). 
Condition SBP DBP PP HR 
ascend 50Z task 10.36(5.4) 9.08(6.1) 1.27(3.2) 3.02(4.5) 
100Z task 8.19(4.9) 6.82(5.7) 1.37(3.5) 2.25(4.6) 
descend 100Z task 7.22(4.1) 8.06(3.6) -0.84(4.1) 2.82(3.8) 
50Z task 3.46(4.2) 5.51(3.8) -2.06(4.7) 1.89(2.9) 
effect, subsequent two-tailed t-tests for paired samples 
with SBP habituation and between-tasks baseline values as 
the covariates revealed that in the ascending condition mean 
SBP elevation of the 50% task was significantly above that 
of the 100% task (t(28) - 2.78, ρ - .010), while in the 
descending condition mean SBP elevation of the 100% task 
exceeded that of the 50% task (t(28) = 6.61, ρ < .001) (see 
Table 4). Tests for differences in trends because of the 
main effect for periods revealed the linear component to be 
significant (F(l/52) =26.74, p<.001). As depicted in 
Figure 1, in both tasks of the ascending and descending 
condition, there was a linear decline of SBP increases 
during the task. 
5.3.4.2. Effects on DBP 
The ANOVA on DBP elevations revealed a significant condi­
tions * task difficulty interaction effect (F(l/52) » 11.61, 
ρ - .001), and a significant main effect for periods 
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Fig. 1. Mean changes from baseline of systolic blood pres­
sure (SBP) for the ascending and descending condition, ave­
raged across 2-min periods of the anagram tasks. 
(F(4/49) - 6.08, ρ < .001). Subsequent two-tailed t-tests 
for paired samples revealed that in the ascending condition 
mean DBF elevation of the 50% task was significantly above 
that of the 100% task (t(29) - 2.44, ρ = .021), while in the 
descending condition mean DBF elevation of the 100% task 
exceeded that of the 50% task (t(29) =3.25, ρ - .003) (see 
Table 4). Tests for differences in trends because of the 
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Fig. 2. Mean changes from baseline of diastolic blood pres­
sure (DBP) for the ascending and descending condition, ave­
raged across 2-min periods of the anagram tasks. 
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main effect for periods revealed-the linear component to be 
significant (F(l/52) - 25.75, ρ < .001), indicating a de­
cline of DBP increases over time (see Figure 2). 
5.3.4.3. Effects on PP 
The ANCOVA performed on PP changes revealed a significant 
main effect for conditions (F(l/51) - 17.16, ρ <.001), a 
main effect for task performance (F(3/51) » 8.03, ρ < .001), 
a significant conditions * task difficulty interaction ef­
fect (F(l/51) - 6.56, ρ - .013), a task performance * task 
difficulty interaction effect (F(3/51) = 2.92, ρ - .043), 
and no main nor interaction effects for periods (see Figure 
3). With respect to the main effect for conditions, it is 
shown in Table 4 that in the ascending condition PP increa­
sed, while in the descending condition there was a PP de­
crease. For the conditions * task difficulty interaction 
effect, subsequent two-tailed t-tests for paired samples 
with PP habituation and between-tasks baseline values as the 
covariates revealed that in the ascending condition PP in-
TASK 1 TASK 2 
Fig. 3. Mean changes from baseline of pulse pressure (PP) 
for the ascending and descending condition, averaged across 
2-nin periods of the anagram tasks. 
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crease of the 50% task did not differ from that of the 100% 
task (t < 1), while in the descending condition PP decrease 
of the 50% task was above that of the 100% task (t(28) -
3.37, ρ - .002) (see Table 4). With respect to the main 
effect for task performance, t-tests for paired samples 
indicated that L50%-H100% Performers had a significant PP 
increase (t(10) - 4.63, ρ <.001, one-tailed), while H50%-
L100% Performers had a significant PP decrease (t<-13),, • 
2.67, ρ < .01, one-tailed) (see Table 5 and Figure 4); for 
both H50%-H100% and L50%-L100% Performers PP change did not 
Table 5 
Mean changes from baseline of systolic blood pressure (SBP), 
diastolic blood pressure (DBF), pulse pressure (PP), and 
heart rate (HR), for H50Z-H100Z (1), L50Z-H100Z (2), H50Z-
L100Z (3), and L50Z-L100Z (4) subjects for both levels of 
task difficulty In the ascending and descending condition 
(SDs In parentheses; see text for abbreviations). 
Condition 
ascending 
50Z task 
100Z task 
descending 
100Z task 
50Z task 
perf 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
SBP 
8.53(5.0) 
12.63(5.1) 
10.82(7.4) 
9.89(3.2) 
7.19(4.4) 
9.56(6.5) 
7.72(5.2) 
8.78(4.1) 
9.71(2.3) 
7.33(5.5) 
5.04(3.2) 
6.42(4.2) 
5.68(4.7) 
6.16(5.6) 
-0.04(1.8) 
2.30(2.6) 
DBF 
6.75(5.3) 
9.71(5.6) 
12.36(7.6) 
6.99(4.1) 
4.11(5.3) 
6.87(7.4) 
8.46(5.8) 
7.77(4.6) 
9.47(2.6) 
4.92(3.8) 
8.91(3.8) 
8.07(3.7) 
6.75(2.2) 
4.13(6.3) 
7.37(4.0) 
4.49(3.1) 
PP 
1.78(2.7) 
2.92(1.5) 
-1.54(3.2) 
2.90(2.7) 
3.08(4.4) 
2.69(1.8) 
-0.74(2.4) 
1.01(3.6) 
0.24(2.9) 
2.41(2.8) 
-3.87(6.2) 
-1.65(3.4) 
-1.07(4.8) 
2.03(3.8) 
-7.41(4.2) 
-2.19(3.2) 
HR 
2.59(3.4) 
4.87(4.3) 
2.98(6.2) 
2.00(3.4) 
1.38(4.9) 
3.65(3.2) 
3.81(5.7) 
0.04(3.2) 
2.40(3.4) 
0.74(4.5) 
3.33(5.6) 
3.76(3.1) 
2.59(2.7) 
1.59(3.0) 
2.30(4.5) 
1.37(2.5) 
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L100%, and L50Z-L100% subjects In mean changes from baseline 
of pulse pressure (PP) for the ascending and descending 
condition (see text for abbreviations). 
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significantly differ from zero (t < 1; see Table 5 and 
Figure 4). The task performance * task difficulty interac­
tion effect is related to the fact that for the different 
performance groups PP increase or'decsease in the 50% task 
was either above or below that of the 100% task, but none of 
these differences was statistically significant (ts < 1; see 
Table 5 and Figure 4). 
5.3.4.4. Effects on HR 
The ANCOVA performed on HR change scores revealed a 
significant conditions * task difficulty interaction effect 
(F(l/51) - 29.13, ρ < .0001), and a. task difficulty * peri­
ods interaction effect (F(4/49) - 2.64, ρ - .045). For the 
conditions * task difficulty interaction effect, subsequent 
two-tailed t-tests for paired samples with HR habituation 
and between-tasks baseline values as the covariates, re­
vealed that in the ascending condition mean HR elevation of 
the 50% task was significantly above that of the 100% task 
(t(28) =4.61, ρ < .001), while in the descending condition 
mean HR elevation of the 100% task exceeded that of the 50% 
task (t(28) - 3.51, ρ - .002) (see Table 4). Tests for 
differences in trends because of the task difficulty * 
TASK 1 
10 
PE R I O D S 
•AT- -
I mir 
TASK 2 
• 50%- 100% asc 
100%- 50%desc 
10 
Fig. 5. Mean changes from baseline of heart rate (HR) for 
the ascending and descending condition, averaged across 2-
mln periods of the anagram tasks. 
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periods interaction effect revealed a nearly significant 
linear difference (F(l/52) - 3.21, ρ - .07). As depicted in 
Figure 5, HR increases declined during the 50% task of the 
ascending condition, while in the other tasks this decline 
was absent. 
5.3.5. Task performance and test anxiety 
A 2 * 4 Conditions * Task Performance ANOVA performed on 
test anxiety scores revealed only a marginal conditions * 
task performance interaction effect (F(3/52) « 2.08, ρ = 
.11). Subsequent planned comparisons did reveal that in the 
ascending condition L50%-H100% Performers had a significant­
ly higher test anxiety score as compared with H50%-L100% 
Performers (t(26) - 2.26, ρ - .016, one-tailed; see Table 
6). In the descending condition test anxiety scores of L50X-
H100X and H50%-L100% Performers did not differ significantly 
(t < 1 ; see Table 6) . 
Table 6 
Test anxiety scores for H50Z-H100Z (1), L50Z-H100Z (2), 
H50Z-L100Z (3), and L50Z-L100Z (4) subjects in the ascending 
and descending condition (SDs In parentheses; see text for 
abbrevia tions). 
Condition perf Test anxiety score 
ascending 1 5.75 (2.96) 
2 6.83 (3.54) 
3 3.67 (1.50) 
4 5.29 (2.63) 
descending 1 4.88 (3.23) 
2 6.60 (1.52) 
3 7.80 (2.17) 
4 5.83 (3.49) 
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5.4. Discussion 
The aims of the present study were to investigate: (1) 
whether individual response specificity (1RS) is extant as a 
factor in the relationship between cardiovascular responses 
and task performance; (2) whether cardiovascular elevations 
in a 50% task will be greater relative to those in a 100% 
task; and (3) whether level of test anxiety differentially 
relates to task performance depending on the difficulty of 
the task. 
Results revealed that in both the 50% and 100% task of 
the ascending and descending condition L50%-H100% subjects 
had a PP increase, i.e. greater SBP than DBP elevations, 
whereas H50%-L100% subjects had a PP decrease in both tasks, 
i.e. more DBP than SBP elevation. These findings provide 
convincing corroborative evidence for the concept of 1RS, 
including both individual uniqueness and consistency (Engel, 
1972; Engel & Moos, 1967). In addition to 1RS, results of 
the present experiment demonstrated stimulus response speci-
ficity (SRS), i.e. physiological responding specific to 
characteristics of the evoking stimulus condition (Engel, 
1972). It was found that in the ascending condition there 
was a mean PP increase, while the descending condition had a 
mean PP decrease. Because, as indicated, L50%-H100% sub-
jects'PP increase and H50%-L100% subjects'PP decrease was 
found irrespective of condition, this SRS must be considered 
to pertain to PP changes of H50%-H100% and L50%-L100% sub-
jects. So, in addition to the existence of individual diffe-
rences in 'physiological rigidity' (Lang, Rice, & Sternbach, 
1972; Sternbach, 1966), the present data demonstrate SRS as 
a function of both properties of the evoking stimulus condi-
tion and characteristics of the responding individual. 
With respect to the effects of task difficulty on magni-
tude of cardiovascular responding, it was found that in the 
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ascending condition BP elevations during the 50% task were 
greater relative to those in the 100% task. These differen-
ces in magnitude of BP responses as a function of task 
difficulty are consistent with those of a previous study 
(van Schijndel et al., 1984). In the descending condition, 
however, a reversal of the relationship between BP elevati-
ons and task difficulty was found: BP elevations in the 50% 
task were significantly lower relative to those in the 100% 
task. On the level of physiological responding this finding 
parallels that of a previous study on the effect of initial 
experiences of success and failure on the relationship be-
tween cardiovascular responses and task performance (see 
Chapter 4). There it was found that magnitude of cardiovas-
cular responding in a 50% task was clearly diminished by a 
preceding limited number of all solvable anagrams. On the 
psychological level, however, results of the two studies 
differed: In the absence of differences in task performance 
between the two 50% tasks of the previous study, in the 
present experiment reduced cardiovascular responding in the 
50% task of the descending condition was combined with a 
better task performance relative to that of the 50% task of 
the ascending condition. This association of lower BP eleva-
tion with better task performance can be interpreted as 
support for the concept of processing effectiveness put 
forth by Eysenck (1979). It is tempting to speculate that, 
in addition to possible learning effects, this enhanced 
processing effectiveness was found because, after a great 
number of success experiences in the 100% task, distressing 
effects of the subsequent unexpected relatively high rate of 
failure could be mitigated or even prevented by attributing 
its cause to level of task difficulty in stead of to lack of 
ability. In externalizing the causes of failure, subjects 
might have felt free to fail with as a result improved 
performance with a lower level of physiological responding 
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(e.g. Covington, 1983). Although consistent with the empha-
sis on attribution of causality as an important mediator of 
the impact of failure (Weiner, 1974, 1982; Wortman & Brehm, 
1975) , the interpretation is admittedly speculative and 
further research is needed to clarify the finding that, in 
addition to difficulty of control, the pattern of success 
and failure in exerting control is an apparently important 
factor in determining magnitude of physiological responding. 
The third aim of the present experiment addressed to the 
question whether level of anxiety differentially relates to 
task performance depending on the difficulty of the task. In 
the ascending condition results revealed that, as expected, 
L50%-H100% subjects had a higher test anxiety score as 
compared with H50%-L100% subjects. Because, as indicated, 
the former had a PP increase and the latter a PP decrease, 
these results are considered to be consistent with those 
demonstrating physiological differentiation between emotio-
nal states (cf. Funkenstein, King, & Drolette, 1954; 
Schwartz, Weinberger, & Singer, 1981). In the descending 
condition, however, this relationship between level of test 
anxiety and task performance was not found. We do not have a 
cogent interpretation of the discrepancy except to note 
that: (1) the descending condition started with an easy task 
for which facilitative effects of anxiety are less well 
empirically established (Heinrich & Spielberger, 1982). In 
the ascending condition the easy task is preceded by a 
relatively high rate of failure. It is known that especially 
anxiety-prone subjects will demonstrate enhanced effort when 
experiencing success after prior failure (see Chapter 4); 
(2) as pointed to earlier, because of both task performance 
and level of physiological responding, the 50% task of the 
descending condition cannot be considered to be equivalent 
to that of the ascending condition; and (3) these two fac-
tors might have interacted with the existence of two types 
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of test anxious subjects as demonstrated by Schmalt (1982). 
Post hoc inspection of scores on the other two subscales of 
the AMT, which are intended as a measure of positive fear of 
failure and achievement motivation, did not reveal signifi-
cant differences among sub-sets of subjects. 
By the fact that the relationship between anxiety, task 
performance and cardiovascular responding was restricted to 
the ascending condition (cf. Holroyd & Appel, 1980), results 
represent what has been described as Motivational Response 
Specificity (MRS) (Ax, 1964; Fahrenberg, 1969). As a special 
type of 1RS, the principle of MRS refers to the effect of 
the specific interaction between the individual and the 
stimulus condition on physiological activation. As far as 
the relationship between level of anxiety and PP change is 
concerned, it is interesting to note that comparable pattern 
differences of cardiovascular functioning have been demon-
strated in relation to 'direction of attention' (Bittker, 
Buchsbaum, Williams, & Wynne, 1975) and 'locus of control' 
(Williams, Poon, & Burdette, 1977), because both concepts 
are closely related to anxiety (Archer, 1979; Wine, 1980). 
Besides theoretically significant, the concept of 1RS is 
supposed to be also relevant to the problem of predisposi-
tion to psychosomatic diseases. This assumption is based on 
the close alliance of 1RS to the principle of symptom speci-
ficity. The latter term refers to the finding that indivi-
duals with a particular physiological complaint tend to be 
specifically responsive to stressful stimuli in the physio-
logical system associated with the somatic complaint (Malmö 
& Shagass, 1949; Malmô, Shagass & Davis, 1950). This notion 
was further corroborated by studies demonstrating that pa-
tients with high blood pressure showed greater cardiovascu-
lar reactivity in response to stressors relative to normo-
tensive controls (Engel & Bickford, 1961; Frederikson & 
Engel, 1985; Steptoe, 1986) and rheumatoid arthritis pa-
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tients (Moos & Engel, 1962). In these studies the cha-
racteristic physiological responses were expressed either as 
maximal response specificity, i.e. as difference in magnitu-
de of individuals'responses within the physiological systems 
that were yielding symptoms, or as individual-specific 
hierarchy of responses across different physiological sys-
tems. Because of the fact that in the present experiment 
patterning appeared among cardiovascular variables themsel-
ves, it seems worthwhile to investigate whether essential 
hypertensives' greater pressor reactivity is related to 
higher SBP than DBP increase for some, and to more DBP than 
SBP elevation for others (cf. Manuck & Proietti, 1982; 
Surwit, Williams, & Shapiro, 1982; Williams, 1986). This 
proposition is consistent with findings which demonstrate 
physiological heterogeneity among essential hypertensives 
(Diamond, 1982; Koster, 1970; Marx, 1976; Netter & Neuhäu-
ser, 1982; Obrist, 1981). Because of the relationship be-
tween these differences in cardiovascular patterning and 
level of anxiety, it is hypothesized further that these 
findings taken in conjunction point to the possibility that 
the physiological heterogeneity is parallelled by psycholo-
gical heterogeneity, at least for essential hypertensives 
with neurogenic hypertension (Esler, Julius, Zweifler, Ran-
dall, Harburg, Gardiner, Sc DeQuattro, 1977). The proposed 
psychological heterogeneity might aid to reconcile conflic-
ting findings of studies on the relationship between perso-
nality and hypertension, which have found that essential 
hypertensives as compared with normotensive controls had 
either a higher level of anxiety (e.g. Bulpitt, Hoffbrand, & 
Dollery, 1976) , a higher level of anger (e.g. Mann, 1977), 
or both (e.g. Baer, Collins, Bourianoff, & Ketchel, 1979)'. 
Further research is planned, which is intended to inves-
tigate the validity of the formulated hypotheses. 
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SUMMARY 
In the introductory chapter of this study it was pointed 
out that cardiovascular disorders are a major health problem 
in the industrialized world. In view of promising evidence 
indicating that, among many other so-called risk factors, 
exaggerated physiological responding to psychosocial stres­
sors might be implicated in the development of major cardio­
vascular disorders, such as coronary heart disease and es­
sential hypertension, the present study was intended to 
contribute to a better understanding of the relationship 
between psychological factors and cardiovascular changes. 
A first factor included to investigate psychologically 
induced cardiovascular changes was behavioral control, which 
is generally recognized as a physiologically relevant psy­
chological variable. The concept of behavioral control re­
fers to both the dependency of an outcome on a certain 
response and the availability of a required response in a 
given situation. The present study was concerned with beha­
vioral control in terms of the availability of the required 
response. With the use of an anagram solution task, diffe­
rent levels of behavioral control were created by varying 
the number of solvable versus unsolvable anagrams. 
A second purpose of the present study concerned the 
effect of individual differences on the relationship between 
degree of control and cardiovascular responding. The indivi­
dual-difference variable included was the A/B typology. 
Although more recent research has failed to confirm earlier 
findings on the relationship between incidence of cardiovas­
cular pathology and the Type A behavior pattern, it is a 
prominent psychological factor in stress research. In a 
number of studies it has been demonstrated that Type A 
individuals respond to a variety of laboratory stressors 
with greater cardiovascular increases relative to Type В 
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subjects· There are, however, also a number of studies that 
did not discern differences between Type A and В subjects in 
physiological responsiveness. The present study was intended 
to investigate whether level of control might be an impor­
tant factor in determining differences between Type A and 
Type В subjects in cardiovascular responding. It was suppo­
sed that the question whether or not specific environmental 
factors are effective in eliciting the Type A behavior is 
highly relevant for prospective studies on the relationship 
between Type A/B classification and incidence of cardiovas­
cular pathology. 
In addition to magnitude of cardiovascular responding as 
related to level of behavioral control and the Type A/B 
classification, the present study was also concerned with 
patterns of cardiovascular functioning. In particular, it 
was intended to investigate whether pattern differences in 
cardiovascular responding could be established as a reliably 
differentiating characteristic of individuals. This was 
considered important because it might be that, in addition 
to level of responding, for different individuals different 
physiological mechanisms are implicated in the pathogenesis 
of cardiovascular diseases. Differences in cardiovascular 
patterning were primarily investigated as the difference 
between systolic (SBP) and diastolic (DBP) blood pressure 
changes, which have been described as pulse pressure (PP) 
increase versus decrease. By the fact that in all experi­
ments described in this study the anagram solution task 
evoked an increase of both SBP and DBP, a PP increase repre­
sents a greater rise of SBP than DBP, while a PP decrease 
results from a higher DBP than SBP elevation. Individual 
differences in cardiovascular patterning were investigated 
as related to task performance and level of test anxiety. 
Chapter 2 describes an experiment designed to examine: 
(a) the relationship between level of behavioral control and 
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magnitude of cardiovascular responding, and (b) the interac­
tion between behavioral control and type of subject (A vs. 
B). 
In the experiment three conditions were used differing 
from each other in the percentage of solvable anagrams. The 
percentages of solvable anagrams were 100, 50, and 30, 
respectively. SBP, DBP, and HR were measured before, during, 
and after the anagram task. Results revealed BP elevations 
to be systematically related to degree of behavioral con­
trol. In particular, it was found that SBP and DBP elevati­
ons were curvilinearly related to level of control, i.e. 
more elevated in the 50% than in the 100 and 30% conditions. 
HR changes did not differ among conditions. Consideration 
was given to the possible role of disengagement in the 30% 
condition. 
Concerning the Type A/B behavior pattern, results reveal­
ed greater SBP and DBP elevations for Type A than for Type В 
subjects, especially in the 50% condition, thereby confirm­
ing that the physiological correlates of Type A behavior are 
predominantly evoked in challenging circumstances. Similari­
ties between these findings and those of other studies on 
the effects of behavioral control and Type A behavior on 
cardiovascular responses were pointed out. 
Chapter 3 reports findings on the relationship between 
task performance and cardiovascular changes. Subjects, as­
signed to either the 100, 50, or 30% condition, were divided 
into two subgroups: Subjects scoring below the mean solution 
time of their condition were designated 'High Performers', 
and those scoring above the mean solution time were designa­
ted 'Low Performers'. Results revealed greater SBP elevati­
ons for High Performers than Low Performers in the 100% 
condition, whereas the reverse was true in the 30% conditi­
on. The analysis of DBP changes revealed mean DBP elevations 
to be greater for High Performers relative to Low Performers 
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in every condition. With respect to PP changes it was found 
that High Performers in the 100% condition had an increase 
of PP (more systolic than diastolic elevation), whereas High 
Performers in the 50 and 30% conditions had a PP decrease 
(more diastolic than systolic elevation). Conversely, Low 
Performers in the 100% condition had a PP decrease, whereas 
Low Performers in the 50 and 30% conditions had a PP 
increase. No significant relations between HR changes and 
task performance were detected. 
Results were discussed in relation to those of studies on 
the relationship between task performance and catecholamine 
excretion, which have demonstrated that subjects excreting 
relatively more adrenaline performed better in a simple 
vigilance task, whereas subjects with relatively lower adre-
naline excretion rates tended to perform better in a complex 
sensorimotor task. It was argued that an adrenaline-mediated 
/3-adrenergic myocardial effect on systolic blood pressure 
constitutes the physiological link between the cardiovascu-
lar and endocrinological findings. Because of the main ef-
fect of task performance on DBP, indicating that in every 
condition High Performers showed greater DBP increases than 
Low Performers, it was considered further that the greater 
DBP increases of High Performers in the 100% condition might 
be due to their also greater SBP elevations. In the 50 and 
30% conditions, however, SBP increases were lower than DBP 
increases, so that the higher DBP elevations of High Perfor-
mers have to be interpreted otherwise. It was assumed that, 
in this case, the rise of DBP was due to a-adrenergically 
mediated vasoconstriction. 
Taken together, it was concluded that the results demon-
strate the existence of two hemodynamic reaction patterns: A 
PP increase, that is a greater rise of SBP than DBP, associ-
ated with higher performance in the 100% condition and lower 
performance in the 50 and 30% conditions and a PP decrease, 
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i.e. higher DBF than SBP elevation, related to lower perfor-
mance in the 100% condition and higher performance in the 50 
and 30% conditions. In addition to the possible role of 
anxiety in mediating the relationship between task perform-
ance and cardiovascular patterning, it was discussed further 
that, instead of the difficulty of the task as a whole, the 
initial level of task difficulty might have been decisive in 
determining this relationship. This issue was addressed- to 
in Chapter 4. 
Considering the fact that it has been demonstrated that 
initial success or failure may have a predominant influence 
on subsequent task performance, the main objective of the 
experiment described in Chapter 4 was to determine whether 
the initial level of task difficulty is able to modify the 
relationship between blood pressure changes and task perfor-
mance. More specifically, it was intended to investigate 
whether, on the one hand, the concomitance of PP increase 
with good performance and PP decrease with relatively poor 
performance in an easy task will be influenced by prior 
failure, while, on the other hand, the covariance of PP 
decrease with good performance and PP increase with relati-
vely bad performance in a difficult task will be affected by 
initial success experiences. 
The initial level of task difficulty and the level of 
difficulty of the main task were both manipulated by varying 
the percentages of solvable anagrams. Conditions were named 
according to their pattern of success and failure, i.e. the 
100% condition with initial 50% failure was named the 100% 
ascending condition. The 50 and 30% conditions with initial 
100% success were labeled 50 and 30% descending conditions, 
respectively. To assess the effect of initial failure on .the 
relationship between cardiovascular changes and task perfor-
mance in an easy task, the 100% ascending condition was 
compared with the 100% constant condition described in Chap-
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ter 3. To examine the effect of initial success on the 
cardiovascular-task performance relationship in a difficult 
task, the 50 and 30% descending conditions were compared 
with the 50 and 30% constant conditions, described in the 
same previous study. 
Results revealed that the initial level of task difficul-
ty was not decisive in determining the relationship between 
cardiovascular changes and task performance. The initial 
experiences of success or failure, however, did have an 
effect on the course of BP change during the task. In the 
100% ascending condition there was an increase of SBP eleva-
tions during the task for High Performers. This increase of 
SBP elevations over time was absent for both High and Low 
Performers in the 100% constant condition and for Low Per-
formers in the 100% acending condition, who had a decline of 
initial SBP increases, as is usually encountered. It was 
discussed that the restriction of this increase of SBP 
elevations during the task to High Performers provides addi-
tional support for the previously suggested role of test 
anxiety in mediating the specific relationship between car-
diovascular functioning and task performance. 
The effect of initial success on the course of BP change 
in the 50 and 30% descending conditions was a more rapid 
decline over time in the magnitude of the SBP responses for 
both High and Low Performers as compared with that in the 50 
and 30% constant conditions. It was considered that this 
more rapid dissipation of initial BP increases could be 
related to what is known as disengagement. 
Taken together, it was concluded that, on the whole, the 
current data confirmed that high performance in an easy task 
and low performance in a difficult task are associated with 
PP increase, whereas low performance in an easy task and 
high performance in a difficult task are associated with PP 
decrease. In view of the fact that it has been demonstrated 
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that Individuals tend to exhibit Idiosyncratic patterns of 
physiological activation In response to diverse stimulus 
conditions, known as Individual response specificity (1RS), 
it was discussed further that the cardiovascular-task per-
formance relationship might be a manifestation of this prin-
ciple. In particular, it was hypothesized that subjects who 
perform relatively good in an easy task and poor in a diffi-
cult task, will show a PP increase in both tasks, and sub-
jects who perform relatively poor in an easy task and good 
on a difficult task, will show a PP decrease In both. It was 
further hypothesized that the former will have a higher test 
anxiety score as compared with the latter. This second 
hypothesis was derived from test anxiety theory, which pre-
dicts that a high level of test anxiety would facilitate 
performance on simple tasks, whereas it would impair perfor-
mance on more complex tasks. Conversely, a low level of 
anxiety would yield relatively poor performance on easy, and 
better performance on difficult tasks. 
Chapter 5 describes experimentation to test the above 
hypotheses. An additional purpose of this experiment concer-
ned differences in magnitude of cardiovascular responding. 
It was intended to examine whether the greater BP increases 
in a 50% task as compared with a 100% task, as previously 
demonstrated, could be reproduced when subjects are provided 
with both tasks successively. 
In the experiment two tasks were used differing with 
respect to the number of solvable anagrams. The percentages 
of solvable anagrams were 100 and 50. Conditions were named 
according to the sequence wherein the tasks were presented 
to the subjects: The 50% - 100% sequence was named ascending 
condition, while the 100% - 50% sequence was called descend-
ing condition. Subjects were also administered the Achieve-
ment Motivation Test, of which the 'negative fear of fail-
ure' subscale was used to assess level of test anxiety. 
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Results revealed that in both the 50 and 100% tasks of 
the ascending and descending condition subjects who perform-
ed relatively poor in the 50% and good in the 100% task had 
a PP increase in both tasks, whereas subjects who performed 
good in the 50% and relatively poor in the 100% task had a 
PP decrease in both. These findings were interpreted as 
demonstrating individual response specificity with respect 
to cardiovascular responding. Additionally, it was found 
that subjects who performed good or relatively poor in both 
tasks had a PP increase in the ascending condition, while 
for subjects in the descending condition such performance 
was accompanied by a PP decrease. These data were considered 
to demonstrate stimulus response specificity, i.e. physiolo-
gical responding specific to characteristics of the evoking 
stimulus condition. 
With respect to the question whether level of test anxie-
ty differentially relates to task performance depending on 
the difficulty of the task, results revealed that in the 
ascending condition subjects who performed relatively poor 
in the 50% and good in the 100% task had a higher level of 
test anxiety as compared with those who performed good in 
the 50% and relatively poor in the 100% task. In the descen-
ding condition this relationship was absent. Because of the 
fact that the relationship between anxiety, task performan-
ce, and cardiovascular patterning was restricted to the 
ascending condition, results were related to the concept of 
motivational response specificity (MRS). As a special type 
of 1RS, the principle of MRS refers to the fact that the 
activation by a stressor not only differs for different 
individuals, but also intraindividually for different situa-
tions . 
With respect to the effect of task difficulty on magnitu-
de of cardiovascular changes, results in the ascending con-
dition confirmed previous findings that BP elevations in a 
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50% task are greater relative to those in a 100% task. In 
the descending condition, however, the reverse was found: BP 
elevations in the 50% task were significantly lower as 
compared with those in the 100% task. This finding was 
related to those of the study described in Chapter 4. There 
it was found that the magnitude of cardiovascular responding 
in the 50 and 30% tasks was diminished by a preceding 
limited number of all solvable anagrams. The apparently 
important factor of the pattern of success and failure in 
determining magnitude of physiological responding was fur-
ther discussed in relation to attribution theory, which 
emphasizes that internal versus external attribution of 
causality is an important factor in determining the impact 
of failure experiences. 
Considering that the concept of 1RS is supposed to be 
relevant to the problem of predisposition to psychosomatic 
diseases, results of the present study were related to those 
concerned with cardiovascular reactivity of patients with 
high blood pressure. In these studies it has been demonstra-
ted that essential hypertensives show greater SBP and DBP 
elevations in response to stressors relative to both normo-
tensives and those having other physiological complaints. 
Because of the fact that in the present experiment patter-
ning appeared among cardiovascular variables themselves, it 
was suggested that it would be worthwile to investigate 
further whether essential hypertensives'greater blood pres-
sor reactivity is related to higher SBP than DBP increase 
for some, and to more DBP than SBP elevation for others. 
This proposition is consistent with findings demonstrating 
physiological heterogeneity among essential hypertensives. 
Because of the relationship between these differences -in 
cardiovascular patterning and level of anxiety, it was hypo-
thesized further that these findings, taken in conjunction, 
might indicate that the possible physiological heterogeneity 
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of essential hypertension is parallelled by psychological 
heterogeneity, at least for essential hypertensives with 
neurogenic hypertension. Finally, it was suggested that the 
proposed psychological heterogeneity might aid to reconcile 
conflicting findings of studies on the relationship between 
personality and essential hypertension. 
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SAMENVATTING 
In het inleidend hoofdstuk van dit proefschrift wordt 
uiteengezet dat in de geïndustrialiseerde wereld cardiovas-
culaire aandoeningen een probleem zijn van de eerste orde. 
Naast andere zogenaamde risico-factoren, speelt verhoogd 
cardiovasculair reageren op psychosociale stressoren moge-
lijk een belangrijke rol bij het ontstaan van hart- en 
vaatziekten. Om die reden wordt in dit onderzoek een poging 
gedaan bij te dragen tot een beter begrip van de relatie 
tussen psychologische factoren en cardiovasculaire verande-
ringen. 
Omdat algemeen erkend wordt dat 'behavioral control' een 
belangrijke, fysiologisch relevante, psychologische factor 
is, werd deze als eerste in het onderzoek betrokken. Het 
begrip 'behavioral control' heeft enerzijds betrekking op de 
respons-afhankelijkheid van een bepaalde gebeurtenis, en 
anderzijds op het ter beschikking hebben van een in een 
bepaalde situatie vereiste respons. In dit proefschrift 
verwijst de term 'behavioral control' naar de tweede beteke-
nis. Met behulp van ееиг anagrammen-taak werden verschillende 
niveau's van 'behavioral control' gecreëerd door het aantal 
oplosbare en onoplosbare anagrammen te variëren. 
Een tweede doelstelling van het onderzoek was het bestu-
deren van het effect van individuele verschillen op de 
relatie tussen niveau van controle en cardiovasculair reage-
ren. Hiervoor werd de variable A/B type gebruikt. Hoewel in 
meer recent onderzoek aanvankelijke resultaten met betrek-
king tot de relatie tussen Type A gedrag en incidentie van 
cardiovasculaire pathologie niet zijn bevestigd, wordt de 
A/B variabele in stress-onderzoek als een belangrijke psy-
chologische factor beschouwd. In een aantal studies is aan-
getoond dat Type A subjecten meer cardiovasculair reageren 
dan Type В subjecten. Er zijn echter ook een aantal studies 
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waarin geen verschillen tussen Type A en Type В subjecten in 
cardiovasculair reageren zijn gevonden. In het in dit proef­
schrift gerapporteerde onderzoek is geprobeerd na te gaan of 
niveau van controle een belangrijke factor zou kunnen zijn 
voor het vinden van verschillen in cardiovasculaire reacti­
viteit tussen Type A en Type В subjecten. Verondersteld werd 
dat de vraag of specifieke omgevingsfactoren al dan niet 
effectief zijn in het oproepen van Type A gedrag, zeer 
relevant is voor prospectief onderzoek naar de relatie tus­
sen Type A/B en incidentie van cardiovasculaire pathologie. 
In dit proefschrift werd behalve aan de mate van cardio­
vasculair reageren in relatie tot niveau van 'behavioral 
control' en A/B type, ook aandacht besteed aan patronen in 
cardiovasculair functioneren. Het was met name de bedoeling 
te onderzoeken of het mogelijk is om patroon-verschillen in 
cardiovasculair reageren als een betrouwbaar differentiërend 
kenmerk van individuen aan te tonen. Dit werd van belang 
geacht, omdat het mogelijk is dat voor verschillende indivi-
duen verschillende fysiologische mechanismen een rol spelen 
in de Pathogenese van cardiovasculaire aandoeningen. Ver-
schillen in cardiovasculaire reactiepatronen hadden met name 
betrekking op het verschil tussen systolische (SBP) en dia-
stolische (DBP) bloeddrukverandering, aangeduid als polsdruk 
(PP) verhoging of verlaging. Omdat in alle experimenten die 
in dit proefschrift zijn beschreven de anagrammen-taak een 
verhoging van zowel SBP als DBP opriep, betekent polsdruk 
verhoging een grotere stijging van SBP dan van DBP, terwijl 
een polsdruk verlaging het gevolg is van een grotere DBP dan 
SBP stijging. Individuele verschillen in cardiovasculaire 
patronen werden onderzocht in hun relatie tot taak-prestatie 
en test-angst. 
In hoofdstuk 2 wordt een experiment beschreven dat werd 
opgezet om: (a) het verband tussen niveau van 'behavioral 
control' en mate van cardiovasculair reageren, en (b) de 
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interactie tussen 'behavioral control' en А/В type te onder­
zoeken. 
In dit experiment werden drie condities gebruikt, die 
verschilden in percentage oplosbare anagrammen. Deze waren 
100, 50 en 30%. SBP, DBP en HR werden vooraf, tijdens en na 
de anagrammen-taak gemeten. De resultaten lieten zien dat 
stijging van de bloeddruk systematisch samenhangt met niveau 
van 'behavioral control'. Stijging van SBP en DBP bleek 
curvilineair gerelateerd aan niveau van controle, d.w.z. de 
stijgingen waren in de 50% conditie groter dan in de 100 en 
30% condities. HR stijgingen verschilden niet tussen de 
condities. Aandacht werd besteed aan de mogelijke rol van 
'disengagement' in de 30% conditie. 
Met betrekking tot de variabele A/B type lieten de resul­
taten zien, dat, met name in de 50% conditie, voor Type A 
subjecten zowel de SBP als DBP stijging groter was dan voor 
Type В subjecten. Hiermee werd bevestigd dat fysiologische 
correlaten van Type A gedrag vooral in uitdagende situaties 
worden opgeroepen. Verder werd ingegaan op overeenkomsten 
tussen deze resultaten en bevindingen van ander onderzoek 
naar de effecten van 'behavioral control' en Type A gedrag 
op cardiovasculaire responsen. 
In hoofdstuk 3 worden relaties tussen taak-prestatie en 
cardiovasculaire veranderingen beschreven. Subjecten, toege­
wezen aan de 100, 50 of 30% conditie, werden in twee sub­
groepen verdeeld: subjecten die onder de gemiddelde op-
lostijd van hun conditie scoorden, werden 'High Performers' 
(HP) genoemd, terwijl degenen die boven de gemiddelde oplos-
tijd scoorden, als 'Low Performers' (LP) werden aangeduid. 
De resultaten gaven aan dat in de 100% conditie HP een 
grotere SBP stijging hadden dan LP, terwijl in de 30% condi­
tie het omgekeerde het geval was. De analyse van DBP veran­
deringen gaf aan dat in elke conditie HP een grotere gemid­
delde DBP stijging vertoonden dan LP. Met betrekking tot PP 
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veranderingen werd gevonden dat In de 100% conditie HP een 
PP stijging hadden (een grotere systolische dan diastolische 
stijging), terwijl HP in de 50 en 30% condities een PP 
daling lieten zien (een grotere diastolische dan systolische 
stijging). Omgekeerd toonden LP in de 100% conditie een PP 
daling en in de 50 en 30% condities een PP stijging. Er 
werden geen significante verbanden tussen HR verandering en 
taak-prestatie gevonden. 
De gevonden resultaten werden in verband gebracht met 
bevindingen van onderzoek naar de relatie tussen taak-pres-
tatie en catecholamine excretie, waarin werd aangetoond dat 
subjecten met een hoge adrenaline excretie relatief beter 
presteerden in een eenvoudige vigilantie-taak, terwijl sub-
jecten met een lage adrenaline excretie een tendens tot 
beter presteren vertoonden in een complexe senso-motorische 
taak. Er werd op gewezen dat een adrenaline-gemedieerd /3-
adrenerg cardiaal effect op de systolische bloeddruk moge-
lijk het fysiologisch mechanisme vormt dat de cardiovas-
culaire resultaten van dit onderzoek met de genoemde endo-
crinologlsche resultaten verbindt. 
Vanwege het hoofdeffect van taak-prestatie op DBP, waar-
uit blijkt dat in iedere conditie HP een grotere DBP stij-
ging vertoonden dan LP, werd aangegeven dat de grotere DBP 
stijging van de HP in de 100% conditie een gevolg zou kunnen 
zijn van het eveneens meer systolisch stijgen van die groep. 
In de 50 en 30% condities waren de SBP stijgingen van de HP 
echter lager dan de DBP stijgingen. Bijgevolg moesten de 
grotere DBP stijgingen van de HP in die condities anders 
geïnterpreteerd worden. Er werd verondersteld dat deze in 
dit geval het gevolg zouden kunnen zijn van een a-adrenerg 
gemedieerde vasoconstrictie. 
Samenvattend werd geconcludeerd dat de resultaten het 
bestaan van twee hemodynamische reactiepatronen laten zien: 
een PP stijging, d.w.z. een grotere stijging van SBP dan 
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DBP, in relatie tot beter presteren in de 100% conditie en 
slechter presteren in de 50 en 30% condities, en een PP 
daling, d.w.z. een grotere DBP dan SBP stijging, samengaand 
met slechter presteren in de 100% conditie en beter preste-
ren in de 50 en 30% condities. Er werd gewezen op de moge-
lijkheid dat angst een mediêrende rol zou kunnen spelen in 
de gevonden relatie tussen taak-prestatie en de cardiovascu-
laire patronen. Daarnaast werd besproken dat, in plaats van 
de moeilijkheidsgraad van een taak als geheel, het aanvanke-
lijk niveau van taakmoeilijkheid bepalend geweest zou kunnen 
zijn voor dit verband. In hoofdstuk 4 werd deze mogelijkheid 
nader onderzocht. 
Omdat is aangetoond dat aanvankelijk succes of falen in 
een taak grote invloed kan hebben op de uiteindelijke pres-
tatie, was de belangrijkste doelstelling van het experiment 
dat in hoofdstuk 4 is beschreven, na te gaan of het aanvan-
kelijke niveau van taakmoeilijkheid het verband tussen 
bloeddrukveranderingen en taak-prestatie zou kunnen verande-
ren. Met name werd onderzocht of, enerzijds, het samengaan 
van PP stijging met goed presteren en PP daling met relatief 
slecht presteren in een gemakkelijke taak beïnvloed wordt 
door initiële faalervaringen en, anderzijds, of het samen-
gaan van PP daling met goed presteren en PP stijging met 
relatief slecht presteren in een moeilijke taak wordt beïn-
vloed door initiële succeservaringen. Zowel het aanvankelij-
ke niveau van taakmoeilijkheid als de moeilijkheidsgraad van 
de hoofdtaak werden gemanipuleerd door het percentage oplos-
bare anagrammen te variëren. De condities werden genoemd 
naar het patroon van succes en falen, d.w.z. de 100% condi-
tie die begon met 50% onoplosbare anagrammen, werd de 100% 
'ascending' conditie genoemd. De 50 en 30% condities die met 
100% oplosbare anagrammen begonnen, werden respectievelijk 
50 en 30% 'descending' conditie genoemd. Om het effect van 
aanvankelijk falen op het verband tussen cardiovasculaire 
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responsen en taak-prestatle in een gemakkelijke taak na te 
gaan, werd de 100% 'ascending' conditie vergeleken met de 
100% constant conditie, beschreven in hoofdstuk 3. Om het 
effect van aanvankelijk succes op het verband tussen cardio-
vasculaire veranderingen en taak-prestatie in een moeilijke 
taak te onderzoeken, werden de 50 en 30% 'descending' condi-
ties vergeleken met de 50 en 30% constant condities, ook 
beschreven in hoofdstuk 3. 
De resultaten lieten zien dat het aanvankelijk niveau van 
taakmoeilijkheid niet bepalend was voor de relatie tussen 
gemiddelde cardiovasculaire veranderingen en taak-prestatie. 
Initiële succes- of faalervaringen hadden echter wel een 
effect op het verloop van bloeddrukverandering gedurende de 
taak. In de 100% 'ascending' conditie werd voor HP een 
toename van de SBP stijging gedurende het verloop van de 
taak gevonden. HP en LP in de 100% constant conditie en LP 
in de 100% 'ascending' conditie hadden daarentegen een ge-
leidelijke daling van de aanvankelijke SBP verhoging, zoals 
die meestal wordt aangetroffen. Het gegeven dat alleen voor 
HP de SBP stijging tijdens het verloop van de taak toenam, 
werd opgevat als aanvullende ondersteuning voor de eerder 
geopperde veronderstelling dat test-angst een mediërende 
factor is in het verband tussen cardiovasculair functioneren 
en taak-prestatie. 
Het effect van initieel succes op het verloop van bloed-
drukverandering in de 50 en 30% 'descending' condities be-
stond uit een snellere daling van de aanvankelijke SBP 
stijging voor zowel HP als LP in vergelijking met die van de 
50 en 30% constant condities. Dit sneller dalen van aanvan-
kelijke bloeddrukstijgingen in de 50 en 30% 'descending' 
condities werd in verband gebracht met 'disengagement'. 
Samenvattend werd geconcludeerd dat over het geheel geno-
men de data bevestigen dat goed presteren in een gemakkelij-
ke taak en slecht presteren in een moeilijke taak gepaard 
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gaan met PP stijging, terwijl slecht presteren in een gemak-
kelijke taak en goed presteren in een moeilijke taak samen-
gaan met PP daling. 
Omdat is aangetoond dat individuen geneigd zijn idiosyn-
cratische fysiologische activatie-patronen te vertonen in 
reactie op verschillende stimulus condities, werd vervolgens 
besproken dat het gevonden verband tussen cardiovasculair 
reageren en taak-prestatie mogelijk een manifestatie „is 
van dit principe van individuele respons specificiteit 
(1RS). Op basis hiervan werd de hypothese geformuleerd dat 
subjecten die relatief goed presteren in een gemakkelijke 
taak en slecht in een moeilijke taak, in beide taken een PP 
stijging zullen tonen, en dat subjecten die relatief slecht 
presteren in een gemakkelijke taak en goed in een moeilijke 
taak, in beide taken een PP daling zullen laten zien. Verder 
werd verondersteld dat de eerstgenoemde groep een hogere 
test-angst score zal hebben dan de laatstgenoemde. Deze 
tweede hypothese werd afgeleid uit de theorie over test-
angst, die voorspelt dat een hoog niveau van test-angst het 
presteren in eenvoudige taken faciliteert en goed presteren 
in meer complexe taken bemoeilijkt. Omgekeerd zou een laag 
angst-niveau leiden tot relatief slecht presteren in een 
gemakkelijke taak en goed presteren in moeilijke taken. 
In hoofdstuk 5 wordt een experiment beschreven dat werd 
opgezet om de bovengenoemde hypothesen te toetsen. Daarnaast 
werd in dit experiment nagegaan of de eerder aangetoonde 
grotere bloeddrukstijgingen in een 50% taak vergeleken met 
die in een 100% taak gereproduceerd kunnen worden wanneer 
subjecten beide taken successievelijk krijgen aangeboden. 
In het experiment werden twee taken gebruikt die ver-
schilden in het aantal oplosbare anagrammen. De percentages 
oplosbare anagrammen waren 100 en 50%. De condities werden 
genoemd naar de volgorde waarin de taken aan de subjecten 
werden aangeboden: de 50% - 100% sequentie werd 'ascending' 
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conditie genoemd, terwijl de 100% - 50% sequentie 'descen-
ding' conditie werd genoemd. Bij de subjecten werd tevens de 
Prestatie Motivatie Test afgenomen. De 'negatieve faal-
angst ' -subschaal hiervan werd gebruikt om het niveau van 
test-angst te meten. 
De resultaten van het experiment lieten zien dat zowel in 
de 50% als de 100% taak van de 'ascending' en 'descending' 
conditie subjecten die relatief slecht presteerden in de 50% 
en goed in de 100% taak, in beide taken een PP stijging 
hadden, terwijl subjecten die goed presteerden in de 50% en 
relatief slecht in de 100% taak, in beide taken een PP 
daling hadden. Deze resultaten werden geïnterpreteerd als 
een demonstratie van individuele respons specificiteit in 
cardiovasculair reageren. Verder werd gevonden dat goed of 
relatief slecht presteren in beide taken in de 'ascending' 
conditie gepaard ging met PP stijging en in de 'descending' 
conditie met PP daling. Dit werd geïnterpreteerd als stimu-
lus respons specificiteit, d.w.z. fysiologisch responderen 
dat specifiek is voor de karakteristieken van de stimulus 
conditie. 
Met betrekking tot de vraag of mate van test-angst diffe-
rentieel samenhangt met taak-prestatie afhankelijk van de 
moeilijkheidsgraad van de taak, gaven de resultaten aan dat 
in de 'ascending' conditie subjecten die relatief slecht 
presteerden in de 50% taak en goed in de 100% taak een 
hogere test-angst score hadden dan degenen die goed pres-
teerden in de 50% taak en relatief slecht in de 100% taak. 
In de 'descending' conditie was dit verband er niet. Omdat 
alleen in de 'ascending' conditie het verband tussen angst, 
taak-prestatie en PP stijging versus daling werd gevonden, 
werden de resultaten gerelateerd aan het concept motivatio-
nele respons specificiteit (MRS). Het principe van MRS is 
een speciale vorm van 1RS en geeft aan dat de activatie door 
een stressor niet alleen verschilt van individu tot indivi-
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du, maar ook intraindividueel van situatie tot situatie. 
Met betrekking tot het effect van taakmoe11ijkheid op de 
mate van cardiovasculaire veranderingen, bevestigden de 
resultaten in de 'ascending' conditie eerdere bevindingen 
dat bloeddruk in een 50% taak meer stijgt dan in een 100% 
taak. In de 'descending' conditie werd echter het omgekeerde 
gevonden: in de 50% taak was de mate van bloeddruk stijging 
significant lager dan in de 100% taak. Dit gegeven werd in 
verband gebracht met resultaten van het in hoofdstuk 4 
beschreven onderzoek. Daar werd gevonden dat bloeddrukstij-
gingen in de 50 en 30% taak sneller daalden wanneer die werd 
voorafgegaan door een aantal 100% oplosbare anagrammen. Het 
effect van het patroon van succes en falen op de mate van 
fysiologisch reageren werd verder besproken in relatie tot 
de attributie-theorie. In deze theorie wordt benadrukt dat 
het belangrijk is te differentiëren tussen het aan interne 
of externe factoren attribueren van oorzaken van falen. 
Vanwege de veronderstelling dat het begrip van 1RS van 
belang is voor het probleem van predispositie tot psychoso-
matische ziekten, werden de resultaten van het onderzoek in 
verband gebracht met die van studies over cardiovasculaire 
reactiviteit van patiënten met hoge bloeddruk. In deze stu-
dies is aangetoond dat patiënten met essentiële hypertensie 
in reactie op stressoren grotere SBP en DBP stijgingen 
hadden dan normotensleven of patiënten met andere fysiologi-
sche klachten. Omdat er in ons onderzoek sprake was van 
verschil in mate van veranderen tussen cardiovasculaire 
variabelen onderling, werd erop gewezen dat het van belang 
zou kunnen zijn te onderzoeken of de grotere cardiovasculai-
re reactiviteit van essentieel hypertensleven voor sommigen 
bestaat uit een grotere SBP dan DBP stijging, en voor ande-
ren uit een grotere DBP dan SBP stijging. Deze hypothese is 
consistent met resultaten van onderzoek die wijzen in de 
richting van fysiologische heterogeniteit bij patiënten met 
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essentiële hypertensie. 
Vanwege het gevonden verband tussen de verschillen in 
cardiovasculaire patronen en angst-niveau werd verder veron-
dersteld, dat de resultaten van dit onderzoek zouden kunnen 
betekenen, dat, althans voor essentieel hypertensieven met 
neurogene hypertensie, de veronderstelde fysiologische hete-
rogeniteit van essentiële hypertensie parallel loopt met een 
psychologische heterogeniteit. Tenslotte werd erop gewezen 
dat de veronderstelling van psychologische heterogeniteit 
bij essentieel hypertensieven zou kunnen bijdragen tot een 
mogelijke verklaring van de tegenstrijdige resultaten van 
onderzoek naar het verband tussen persoonlijkheid en essen-
tiële hypertensie. 
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Stellingen 
behorend bij het proefschrift van M.W.A.M, van Schijndel: 
Cardiovascular Dynamics: A Psychophysiological Study 
1. Bij onderzoek op het terrein van de cardiovasculaire 
psychofysiologie is niet alleen van belang de mate van 
verandering van de onderscheiden cardiovasculaire parame-
ters , maar evenzeer de verandering van die parameters ten 
opzichte van elkaar. 
(dit proefschrift) 
2. De bevinding dat het patroon van succes en falen bij het 
uitvoeren van een taak van invloed is op cardiovasculair 
reageren kan gezien worden als ondersteuning voor het met 
betrekking tot psychofysiologische activatie gemaakte onder-
scheid tussen 'informational load' en 'emotional load'. 
(dit proefschrift; 
H. Ursin & F. Ursin, Physiological indicators of mental 
workload. In N. Moray (Ed.), Mental Workload: Its Theory 
and Measurement. New York: Plenum Press, 1979.) 
3. Voor het verschijnsel dat wordt omschreven als autoregu-
latoire vasoconstrictie kunnen ook psychologische factoren 
verantwoordelijk zijn. 
(R.P. Forsyth, Regional blood flow changes during 72-
hour avoidance schedules in the monkey. Science, 1971, 
173, 546-548; 
P. Lund-Johansen, Central haemodynamics in essential 
hypertension. Acta Medica Scandinavica, 1977, Suppl. 
606, 35-42.) 
4. Bij onderzoek naar de relatie tussen catecholamine se-
cretie en taakprestatie is het van belang er rekening mee te 
houden dat voor noradrenaline de samenhang met somatomotori-
sche activiteit groter is dan voor adrenaline. 
(J.E. Dimsdale & J. Moss, Plasma catecholamines in 
stress and exercise. Journal of the American Medical 
Association, 1980, 243, 340-342.) 
5. Binnen de psychoanalytisch georiënteerde psychosomatiek 
wordt vaak het onderscheid tussen 'suppressed hostility' en 
'repressed hostility' verwaarloosd. 
6. In de dynamiek tussen hechting en exploratie is leer-
theoretisch counterconditioning een belangrijk principe. 
7. Hoewel men het er in brede kring over eens is dat voor 
een beter inzicht in de Pathogenese van psychosomatische 
aandoeningen longitudinaal onderzoek van groot belang is, 
leidt dit er zelden toe dat dergelijk onderzoek ook gedaan 
wordt. 
8. Vanwege de parallelliteit tussen de psychoanalytische 
driedeling Opper-Ik, Ik en Es en die van de Heilige Trini-
teit komt in de psychoanalyse tot uitdrukking dat de mens 
geschapen is naar Gods beeld en gelijkenis. 
9. Het disproportioneel voorkomen van kinderen uit de lage-
re sociale klasse op scholen voor M.L.K. hangt mogelijk 
samen met de invloed van het op negatieve verwachtingen 
gebaseerde gedrag van leerkrachten van de basisschool op 
de verwachtingen die deze leerlingen ontwikkelen met betrek-
king tot de effectiviteit van hun gedrag op school. 
(J.E. Brophy & T.L. Good, Teacher-Student Relationships. 
New York: Holt, Rinehart & Winston, 1974.) 
10. De uitspraak van Cato: "Nunquam se plus agere quam nihil 
cum ageret. - ("Nooit is hij actiever dan wanneer hij niets 
doet. ), zou erop kunnen duiden dat een kritische benadering 
van type A gedrag niet alleen van deze tijd is. 
(citaat uit H. Arendt, De mens. Bestaan en bestemming. 
Utrecht: Het Spectrum, 1968.) 
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The present study was intended to contribute to a better understanding of the 
relationship between psychological factors and cardiovascular responses. In addi-
tion to magnitude of cardiovascular responding, it was concerned with differences 
in patterns of cardiovascular functioning. 
Measures used to assess cardiovascular responding were systolic blood pressure, 
diastolic blood pressure, pulse pressure, and heart rate. Psychological factors 
included were behavioral control. Type A behavior, task performance, and test 
anxiety. It was concluded that the present findings might indicate that for 
different individuals different physiological mechanisms are implicated in the 
pathogenesis of cardiovascular diseases. 
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